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GENERAL BOARD OF HEALTH. 



Gentlemen, 

ban one occasion been permitted the 
to your notice a few remarks upon some 



further Examination of "the Gathering Grounds" of the pro- 
posed Government Soft-water Supply to the Metropolis, as sub- 
mitted to the General Board of Health, Whitehall, hj the Hon. 
William Napiek. 

London, Jamtaiy \fith, 18S1. 
Mt Lords " 

Having on 
privilege of submitling to your notice a 

of the chief points involved in the consideration of (he proposed 
Soft-waler Supply to the Metropolis, I trust that in requesting 
ihe further honour of presenting tlie whole in a more collecled 
form I do not trespass loo far on the kind indulgence of the 
General Board. The subject is divided under the following 
heads : — 

^ L Examination of the Gathering Grounds. 

^ IL Method of Collection, Conduction, and Delivery of the 
^y. Deep-spring Water, wiih an approximate estimate of the Expense 
-fl of the Works. 

K> III. Some evidence of the popular appreciation of Solt-water. 
' IV. Some evidence as to the comparative aciion of Hard and 
- Sofi Water upon Lead. 
^ V. A Report and some Analyses of the Soft Spring Waters, 

by Professor Taylor, Lecturer on Chemistry at the Medical 

School oftiie Middlesex Hospital. 

VI. Some Remarks on a Report from Mr. Rowlandson, pub- 
lished by the New River Company, 

VII. Some remarks on Combined Works. 

VIII. Furtlrer ciinsideration of the probable souree ef the 
Deep-Spring water of the Gathering Grounds. 

IX. Waier supply in ancient, as compared with the present 
limes, whether for the purposes of irrigation or house consumption. 

I wo\ild only fuither remark, that if my observations are some- 
what divested of the guise usually given to documents in public 
business, the Board will perhaps kindly ri.'member, that facts do 
not always present themselves in preappointed official terms and 
forms, 
KikB I remain, my Lords and Gentlemen, 

^^^ Your obedient servant, 

BK William Napier. 

"ft* General Board of Health, ,w 

Whitehall. ■••^' ■ 



Farnhum Supiihj, derived fivm Upriiujs. 



Examination of the Gathering Grounds. 

Having hnd the pleasure of receiving iiistnic lions in August lust 
to visit the gathering grounds of the ptupcised water supply 
llie nietcopulis, in order to gauge the atreams and make u cure 
re-esaminatioit ut' the general capabiliiieH of the country for the p 
pose intended, I have the honour to sul)init the results of my observu- 
tions. with a few reinarki on the different hearings of the scheme. 

On reading the Board's lieport preeenled to the Houses of Parlia 
menl during the past SeBsion, i perceived ihat from the very shori timi 
at the disposal of ihe Board, the calculation of thi- qnunlity of wate 
available from the rain-fall on the Hittrict, an client of nearly 150 
square niilcH, was necessarily foundeil on the discharge 
their outfall. 

The Board were thus manifestly placed under great disadvantage 
vrhen endeavouring to ascertain the character of these i 
•nch watiTS inevitably partake of the nature of the soils through which 
they have passed and us the pure sands of the district, ihe limits of 
which are already deBneH in ihe Report on Water Supply, ate not 
only bounded by cluy on the north-east, east, and south-east, by chalk on 
the west, but are also intersected from east to west in the south by a 
hrgh range of chalk hills, the course and outfall of these streams 
preseiil certainly a widely misleading test of the quality of the water 
to be derived from pure sands. 

Considering the purity and softness of the supply to have the first 
claim up<m my attention and bearing in mind the princi|de enum 
by the Board, " the nearer the source the belter the quality," I made it 
my first object to examine the nature of ihe soils in which the 
ufilie country makes its re-appeariLnce after percolating through the 
crust, and next, the soils through which it pusses lo its outfall. 

The water supply of Fambnm being derived from the hill, i 
south side of which tlie village stands, I iiroceeded thither, n 
exainioe its source as likely to present indications ftir purity t 
looked for elsewhere, but also to have a good bird's-eye 
whole area under investigation. The, position of the hill ii 
west, its elevation of nearly 700 f«et above tlie level of the sea and 300 
feet abu\e the plains beneath, admirably adapied it lo this pur 
then observed that the Farnham water does not come from surface 
drainage but is derived from 16 small springs, issuing at the south 
side, on a contour, so to say, about 50 feet below the highest level of 
the hill. From the contracted area out of which so large a supply is 
gained I was induced to suspect that these sprincs are not exclusively 
due to the rain-fall on the gnmnd above ihera. I was further led to 
this consideration by observing th;it in this iniitance at least, fro. 
slope of the ground and from the almost impenetrable hurduesa of the 
superficial covering of gravel, the raiii-fali could scarcely litid its way 
thruiigh the surface. A violent storm having most opportunely come 
oil whilst speculating over this pruhabihty, 1 perceived that by far Ihe 
greater portion of the water apparently ran rapidly down the hill-sides 
and WHS speedily out of sight, leaving the surface perfectly dry, except 
H-bere iixegularUiee retained a few pools, which Bubs«i\uenl oWt^^Iwr f 
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Genluffiail Character of lite District. 5, 

f roved to me were exhatisieH by evaporation raihtr than by percolation, 
then examined the north side, and Touiid thut nn the same contour u 
still greater indication of s|)riii;rg existed. This dulisHed me that these 
waters ore in a great degree due to raiii-fnU elsewhere ; for a rmig'h cul- 
culatioii ut'the yield of the springs much exceeded the a.vailHble rain-fall 
on the area within the contour but as there will probably be much dif- 
ference of opinion on this point, I propose hereafter to consider the 
sabject more In detail and trust that the many eminent geoloirista of 
the day will perhaps give the c|uestion their atientiou. 

Having completed my observations at Furnham Hill I naturally 
aalicipated tliat if the other ranges of the district were of like geological 
formation, they would to all probability present Bimilar appearances 
about the same level ; a most desirable source for the streams of the 
countrVi the advantage of which, in addition to the proposed drainage 
supply, could hardly be over estimated. The first week of my researches 
was confined therefore to the nature of the soil throughout the ilistrict, 
prescntini; generally a vast depth of pure sanda, obscured in the higher 
levels by extensive patches of gravel from 2 to 20 feet in depth ; in the 
lower, by a poor loam from 1 to 3 feet deep. Tatcbes of peat, here and 
there in spots of some depth, e^ist principally in the lower levels. 
On the west and south-west the loam has a subsoil of very stiff clay, 
npparenlly of the London formation, which also crops out an the north 
side of Farnham hill. On the north and north-west, in the valleys, 
there exists within a small area a considerable quantily of iron in some 
of the peaty bogs. All these are marked npon the plan which 1 shall 
hereafter have the honour to lay before tlie Board and which I have 
prepared as accurately as the shortness of the time allowed. 

The ne\i object of my research was the quality and quantity of the 
water. The Board, in their Report, have given the quantity now 
brought into London by the different Water Companies as a stream 
9 feet wide and 3 feet deep, flowing with a velocity of two miles an 
hour: a supply double the actual consumption. In the course of my 
exploration, 1 could not fail to observe that such a volume of water of 
desirable qu^dity was nowhere to be seen, and those who look at these 
grounds willi the desire not to find the requisite quantity may appa- 
rently satisfy themselves; but regarding the outfalls, 1 felt convinced 
that their many sources would give both the quality and quantity of the 
desired water. To discover these sources was then my task. 

A most minute inspection of the gathering grounds bus shown me 
that, generally speakings, their nsture exactly adapts them for the means 
of collection proposed by the Board, iiamEly, a system of thoriiugh 
drainage. A more admirable plan of gathering ruin-fall could nut have 
been conceived ; the sands, acting as a natural filter, deprive the water 
on its passage tu the pipes of any impurity conlructed either in the air 
or in percolating through the upper crust ; as for iiistauce, where the 
water might be discoloured by peat, experiments have proved that the 
sands restore its primitive colour and deprive it also of the flavour 
imparted by the peat. The heath which covers the entire area of the 
gathering grounds also stains the water but the Impurity is removed by 
this processof natural filtration. 1 would remark, iliitt ihe discoloration 
visible in the stream called the Blackwater is not en,t.\(e\^ s^-iwA. "o^ 
peat, but cliiefly by the heath and loose \i\ac\t \o«nvj n^Vattvil 'Owe. ■'■ 



fr Discovery of the Pure Soft Sources. 

through which it flows. This I have proved by fbllowing up its various 
aources, one of which only at Cove rises in and passes through peat. 
Samples of sprinsrs rising in peaty bogs show very slight discoloration. 

Guided by what I had seen atFarnham Hill, I turned my attention 
to look for springs and after much and close examination, came to the 
conclusion that the origin of many little silver threads of water, silently 
stealing down the hi)I-sides under the grass, arose also from such sources. 
A diligent search showed me that the quantity of water to be derived in 
this manner within the original area of the gathering grounds is so 
great, that if the neighbouring ranges of mountains and hills on the 
south side, namely, Hindhead, Blackdown, Hascombe Hills, Leith 
Hill, &c., presented the same feature, I might probably hope to collect 
a stream, 9 feet wide and 3 feet deep, of the desirecl softness and 
purity. 

I am now happy to inform the Board, that a month's researches into 
every hill and glen, every copse and crevice, has produced this result. 
Having tested the waters as they issue from their sources^ I can 
announce that I have gauged a sufficient number of sprini^s and rivulet^ 
to enable me to form an opinion both as to quantity and quality ; the 
water being of its primitive purity ; perfect as to aeration ; brilliant in 
eplour; soft almost as distilled water ; of a grateful temperature, about 
50°; and almost free from all mineral, animal, and vegetable impreg- 
nation. In a future section of this Report, I hope to be able to give 
the Board more extended information on these points, as also with 
reference to the levels of the springs above mean tide and a small 
plan of the whole area under investigation, showing the relative position 
of the springs. Thus, by gauging and testing the streams at their 
sources, instead of in their coi^rse and outfalls, we have the realization 
of the principle laid down by the Board; and this difference will go far 
to account fur the variance of my results with those of Dr. Angus Shnitb. 
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Hardeimg effect of Soils npou Water, 
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The Wov, at Ouildforti, - 

AtElsiekrl 

Beiow llie Junction of ihe Bra 

Above the June I ill 11 of the Faniham branch. 

Above ihe junclion on the Bramsliot branch . 14 

At Farnham 15 

But Uirning op Ihe Bramshot river at Headiey 

Wood 5 

At Bratnshot H 

At Sholler Mill i 

The above sliows what diirerent results two persons niakinfc the Ksine 
investinations might arrive at. From Headiey Wood to Brumshot ii 
scarcely mure thaii two miles : per^oiif^, iiuintentionally or fi'T want of 
accurate investigation, might consider the water at lleadlty Wood tlie 
sample of jrrcalest purity to he found, and go away with and disE^emi- 
nate a totally false impressinn. I have reason to believe it will be 
generally found that thtr opponents to the Board's proposition have from 
one cause or the other made this great mistake. 

The power of snils iii barilenin^ water is particularly evident when 
comparJDir the water in a large pond lii i)iat in a well, which becomes 
hard almost in pruportiou to its depth. A ootuble instance occurs at 
Toiitlin's Pond, a cuUection of rain-water with a few smalt springs in >t, 
which lias a hardness of only two degrees, whereas a well sunk close by 
for the convenience of some cottagers lias a hanlnei-s o( 5^ degrees. 
Again, Minley Pond ban a liardiiess uf oidy 1^ degrees, while a well 
!<u.uk through the luam inU> ihe pure sand has 3 decrees of hardness. 

The following k a list of some of the well and surface waters in the 
district, with their degrees of hardness ; — 



Wells. 

Hartford Bridge Flats, 25 feet deep 
Ash Common, 80 feet deep. 
Pirbright Common, 20 feet deep . 
Chobham Well . . . . 

Swinley Cottage, Easthampstead Plain . 

Svrface Waters. 



. 6i 



Ash Common .... 
Holt Pund .... 
Dippenhall .... 
Whiiemoor .... 
Aldershot .... 

Canal Reading Road Bridge 
Thus we see that waters stand for purity in this district in the fol- 
lowfaig order : — 

1. Spring issuing from pure sands. 
a. Collections of rain water. 
3. Water running through ordinary loamy soils, 
4. Well waters. 
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H Disfidnantages of open Sescrvoim. 1 1 

How great is the iois of capital and labour expeiuUil on wetls ! 
and when made what has been done ? A vast expense is incuried to 
dig a hole in the ground to allow watiir to souk into impure from the 
mineral qualities of the siiii, what water? tliat which iell origiaully 
Buft and pure and which might have beeo collected od roofs, or bjr 
drainage of cultivaied lands, led into a covered reservoir and ibence 
to the highest room in ihe house. One gentleman wiih wliom I am 
acquainieH spent from SOOi. lo 400/. in sinking a well 300 feet deep, 
whence he obtained water of a hurdnees equul to that of London. 40Vl. 
would have drained from 40 lo 50 acree of his land und paid for a 
covered reservoir, besides saving the labour of pumpiug and carrying, 
the Waste of the latter in the case of usinp; 75 fjalluiis per day per 
house, amounting to a loss of ihr-ee days' labour of one person in t I 
weeh. The improvement of the laud driiiiie<! would aluut! buve repaid { 
the outlay. 

I would proceed to point out the defects of stnr<ige reservoirs u» 
gathering prcmndii as now eKisting in anme parts of this eounlry. Thej- 
collect the crude surfuce nalers, always hab'e to discoloration and thick- 
ening from din brought in by heavy rains, to ilclerioraiiun in lasle, to 
hariiDess from (.-ontacc with the soil and also by evaporalicn, ihis last 
however being tritliiig as compared with the first, as have already 
shown. Comimre tlier,e resulls with the proposition of the Board. 
Afier the ground is once saturated, the rainfall pa^^ses immediately 
through a natural filtrr of sand into the drainage pipe's which lead it 
away to storage reservoirs lined wiih tdes to prevent the water ac- 
quiring the mineral qualities of Itie soil, hence lo a covered reservoir m 
the ueighbourhood of its dislribution, safe from the noitious influence of 
the impure atmosphere of a city. The importance of covered reservoir! 
cannot be overrated when the eiidenee given i>y several eminent profes- 
sore of chemistry before tlie Board is considered, although little more 
than every day's experience is needed lo hhow that what is disagreeable 
on a small scale must be very detrimental, ollen dungerous, iu lai'ger 
volumes of waler. A tumbler of water cannot be exposed half an hour 
without becoming; warm, vapid, and badly tasted : and ftoni what cause? 
simply because water has an extraordinary capacity- for absorbing the 
impurities of the atmosphere. 

Reverting again to the plan of collecting rainfall by draining the 
sandy heaths, I question wheiher it could in one case be carried out 
with advantage, namely, on the higher levels, as for instance, the 
cresis of the Fox Hills and Chubhain Kidges where the strata of sand 
are of a very loose nature. 1 think that the surface once broken 
through, the water would pass by the pipes. The area on which this 
would happen is however not very large, li is very desirable to ascer- 
tain this point by trial works, a few acres drained would salisfaclorily 
settle an important question. The same woidd occur in the lower levels 
were it not that nature has abundantly provided a subsoil in the form 
of a crust or pan about nine inches tbick, composed of three inches of 
closely-packed pebbles and sand resting upon six inches of sandstone. 
This pan lies at a depth varying from ana to three feet below the sur- 
face, in some cases it is found beneath a few inches of sandy loam. 
The pipes might be laid on the pebbles aud sand encrusted logethcT., 
which would hold the water. The patt oniKbiiiVeiiXfexcin'^^itt'" 



12 Proposed Method of Filtering Streams from Spriiiffs, 

would, I ftar, ba lost fur evtr. The cultivution of tliese heaths would 
eventually rejiay a large portion of the expense of collecting rainfall by 
tlrainu^e. Mr. Hewett, a most iiitelli^eiit furmer and latid-siirveyor, 
fnim whom I have obtained much valuable inf(irinatiari,aBauTes me that 
where Lliis p^u comes near enaiig;h to the surface lo be broken Ihroii^h 
which JB dune at an expfnae of 8/. and 10/. per acre, and when properly 
manured, the cuUivation pays handsomely. 

The only disaiivantage aliendinif (he Board's scheme, if in sucli an 
important matter it may be deemed so, is the expense of the lar^e 
lined storaj^ reservoirs necessary In contain a six weeks' or two months' 
supply for a city of iheg'iiiiil proportions of London; otherwise the system 
is unique in simphcity and perfect adaptation for the purpose required. 
So vivid WD9 this impression on my mind, that on developing the idea 
(if supply from sprlugs, I conceived a method of adapting; the principle 
lo my own caee. Where the springs are large, 1 propose to ericlose 
Ihem in brick or tiles, but when small and numerous, I would prefer to 
palherihem together in one stream to be led away in earthenware pipes, 
but this must be effected on the ,'puie sand and n;reat care must be 
taken to avoiil (he mixture of surface-washing. Where, when ieaditig 
away a stream of springs, it would be liable to discoloration from 
heavy rains, I propose to provide a remedy by preparing at [he point 
of diversion from the natural uhaiinel a new bed (or a short distance 
nt a less inclination. The bed lo be a trench with a pipe at the 
bottom and filled up with small atones and sand, heather or heath 
being placed round tlie pipe joints. The stream being led on this 
new bed will percolate into the pipe beneath. When the extent of the 
ground above the apriugs would etpose them to be ehoked up by rub- 
bish and diri. after a storm, I would intercept the rainfall in contour 
trenehes with pipes underneath ihem also and lay a branch to lead 
the water away (o the main. A lai^e ailditiun might thus be made tu 
the flow of the springs if desirable. 

The annexed sketch is that of Farnham Hill, reduced from the Tithe 
Commission plan, and tested as to accuracy. The blue contour line 
represents the level of the springs. I have caused Iliem to be gathered 
together and gauged their How as accurately us in my power. 'Cheir 
daily discharge is equal to 897,393 gallons. 

The area within the contour line is 571 acres. The available rainfall 
from 22- 65 inches per annum ; a mean of 30 years' register at the Mili- 
tary CuUege, Sandhurst, uUuwing the usual deduction of 14 inches for 
evaporation and absorption is 219,858 gallons per day. The diiierence 
then, 01 1,160 gallons, is the least figure in favour of my assertion that 
the water in this bill is due to causes other than the local raiul'ail, for 
the rain on the hiU does not all percolate but chiedy passes away. 

I assure the Board, however, that a careful collection of these springs 
would almost double their volume and produce a daily discharge of 
1,794,786 galluus. This then would leave a total of 1,514,928 gallons 
above the available rainfall ou the hill, even supposing it all to pene- 
trate. 

In reference lo my idea of the cause lo which some of these springs 
are due, I would mention that a notable instance of llie kind occurs in 
Hong Kong, an island mountain of not 25 miles in circumference at its 
liase, end of 1000 or 1 200 feet elevation above the level of the sea. The 
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qiiantily of water supplied from aprings on tlie top of this moiinttiin is 
notoriously iar beyond its rainfall, which klter, from the declivity of the 
ground, is at once discharged into the sea, as all who have been there 
are well aware of. The shore of the mainland is not further than two 
miles an<l a-half, but the range of mountains of equal and higher eleva- 
tion, and which furnish the supply, are at n distance of upwards nf 10 
miles. The rainfall cannot find its way again after percolation to the 
surface and is necessitated to find its level hy crossing the sea and 
rising through the fissures of the granite formation of Hang Kong. 
The springs are rarely known to he afferted in quautitv even after a 
three monihs drought in the island, the thermometer often at 88° and 
upwards in the shade. 

The advantages 1 propose to derive from permanent springs, meaning 
those which always preserve an average flow, summer and winter, o^fflf 
Burface drainage, are two-fold. 

1. The continuous flow from springs gives water of better quality 
as to aeration and temperature. 

2. An immense saving will be effecied on the item of sti'mge reser- 
soirs and I believe « considerable sum in ihe diminished quautitv of exca- 
vation and pipeage. Assuming that the supphea from these springs do 
not materially alter, no necessity can exist for storage reservoirs. A 
small covered reservoir might be provided at Wimbledon Common to 
meet the greatest possible dii'mand during the shortest time, otherwise, 
a main with a simple waste pipe into the Thames would suffice. 

Too much importance cannot be attached to a constant flow of pure, 
cool, and soft water, brought direct, without detention, from the Hindhead 
to the atlie of the highest house in London. How gratetiil will be the 
daily use of cool soft water only 24 hours from a natuial reservoir in the 
depth of the earth ! 

I coneider I have realized in a remarkable manner the Board's enun- 
ciation, " the nearer the source the purer the supply." The whole 
value of the scheme appears to me lo depend on the accurate following 
up of this principle. 

On consideration of the original proposal, there is only one more 
point I shall at present touch upon, namely, the great and scarcely 
eatimable benefits of land drainage not only to the soil but to the inha- 
bitanis of the district. From the rainfall, a depth in the year of 22 '65 
inches (allowing seven to be absorbed), there remains nearly 15 inches, 
or 1529 tons of water on every acre, impeding; cultivation by di- 
minishing the temperature of the soil, by not allowing a proper cirou- 
Imtion of air in it, and by censing a perpetual evaporation, not only 
injurious to health in itself but excessively wasteful of the heat of the 
atmosphere, a loss which in our damp climate is a very serious con- 
sideration indeed, and it is only when the whole country shall have been 
perfectly drained ; that this stigma of unnecessary and dangerous damp 
will be effaced from our registers of temperature. 

Again, experience has satisfactorily shewn that the low temperature 
of undrained land is the chief cause of scanty and poor crops and in- 
ferior growth of timber. In an economical point of view, it is most 
neceisary then lo remove ibis noxious agency. 

Having given the results of my observations in detail, it ms.^ be v«^ 
proper that I should stale my opini^'n o( t\\evt ■vuTSmvcei wa KfiiTO.>^t<e&. 
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14 Advitntoffes of PermaiwU Sj/yiiiga over Sitrface-drainagt, 

with the conclusious enumerated in ihe report, nhich difference 
bule chiefly to the hitherto hmited investigation of Ihe subject. 

Generally, in all points as applied lo the quality of water, its advan- 
tages in econoniy, its EeaeRcial influence on health, &c., my re- 
searches uot only distinctly confirm the statements of the Board, but 
have also elicited furl her illiiBtratioiiB, in respect to which Ihope shortly 
to have tlje honour of aililressing; Ihem. This information 1 have col- 
lected from persons of all classes, medical men, manufat'lnreri:, farmers, 
tradesmen, peasants. Sic, all of whom, in their different spheres, have 
given me valuable evidence nn (he subject in question. 

The results of my experience are as follows :— 

I. With respect to the quantity and quality of wafer to be derived 
from the gathering grounds, in whatever method of collection — 

The report gives 28 millinna of and under 3 degrees of hardness. 
My results give 40 millions of and under I degree and 10 millions 
of and nnder 2 degreew of hardness. 

This improved quality is gained by mv development of the principle 
of taking the water from its source (that is, where it issues from pure 
sands) and lending it away before it can be affected by contact with 
oilier soils. I beg to express my conviction that tlie purity will depend 
entirely on the careful execution of the work : it would give, lo reca- 
pitulate its qualities, 40 millions of water — 
Of primitive purity ; 
Perfect as lo aeration ; 
Of a grateful temperature, about 50 degrees ; 
Brilliant in colour; 
Soft almost as distilled water ; 
and almost free from all mineral, animal and vegetable impregnation, 
aufficinj; for the supply, at the estimate of 75 gallons per hnuse, of 
523,126 houses, nearly double the present number in the metropolis. 

The 10 million gallons of and under 2 degrees of hardness are 
derivable from sources rising in sands not quite pure. 

II. By the direct means of coUeciion from springs, instead nf the ex- 
tensive system of land drainage originally contemplated, very con- 
siderable saving of espense would be effected, — 

First. In the less quantity of pipeage required, and consequently of 
labour expended. 

Second. On the item of the large extent of storeage reservdirs, origi- 
nally required to provide for summer months, periods of drought and 
which by my plan wnuld be unnecessary. 

TTiird. On the reduced claims tor compensation, especially as no 
brciidih of land would be required to be taken up. A mere underground 
right of way, a pipe-laying easement would be required. 

A rtSsume of llie above then gives in favour of the plan proposed, — 

I. Greater certainty of supply. 

II. Superior quality. 

III. Greater abundance. 

IV. Greater speed of execution of work and application for ser- 

V. Greater economy. 

Should the future exigencies of the metropolis require an increased 
aiipp/r, it may bIUI be derived not only from land drainage of rainfall 
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on tbc pure sanda beneath tlie level of the bi 
also Id a ^reat extent abofye them. 

I would remark that it might be considered desirable to allow the 
towDs of Guildfnrd, Richmond, &c., and the different villages on the 
line of water supply to Londou, to partake nf tlie MWaulngea proposed- ■ 
for Ihat city. The firat of these suiters severely from Viurd and expen-i f 
stve water. Of couree they would have to pay their prnportioii nf th*, I 
rate to be levied to meet the expense of the works, which I am prepared 
to show will not, for an increased, continuous, pure supply of toft 
water, at high pressure, exceed e. fraction of the sum now levied by 
the water companies, for an impure, hard, and defective one. 

II. 

Method of Collectioiv, Cosdoction, and Delivery of thk 

Debp-Sprino Water, with an approximate Est 

of the execution of the Works. 

Seeing the extreme importance uf an accurate und detailed i] 
galion of lliese eubjecis, I had hoped tliai the once contemplated 
ussifltance of (he Commission of Sewers would have enabled i 
cause to be executed an accurate plan of the propiised gathering-groundf 
of Farnham and Hindheud, by which means not only the actual and 
relative levels of the springs to une auoiher und above mean tide would 
have been ublained hut al^o the incliuatitina of the collectiug and con* 
ducting lines. With these dala it would have been in my power to 
have determined accurately the lengtlis and diameters of the requieito 
pipeage fur culleclion, also the amount, if any, of extra fouudatiun necee- 
sftry for tlie conducting culvert and to have framed a complete estimate 
of the entire expenses of the proposed undertaking. Unhiij^ily, the Hon, 
Commission of Sewers, though interested la the amount of at Icaat one-- 
fourth <if the whole water supply, have not carried out the original 
order of Uie Court, which authorised the extension to the south of iba 
meiropalis of aurvrys ulready esecuted to the north, connected with the 
water-bearing power of certain districts at a suflicient elevation above 
mean tide. 

Materially as this decision has impeded the investigation of the whole 
subject under consideration, 1 have endeavoured to complete, as far aa 
my personal exertions could be made usefully available, an approximate 
view, based on Ihe briiad principles laid down by the Board in their 
Report on Water Supply, of all the details of the proposed scheme to 
gather sjiring water only, including what 1 conceive to be an outside 
estimate of the total expense of eiecutiou. 

Feeling the heavy responsibility attached to my first communication 
lo the Board, it was truly satisfactory to receive more than ample cou- 
hrmation of my gangiiigs from Mr. Rammel), the engineer to whoiB 
Ihe examiiiRtion was assigned. Mr. RammeH's gaugings amounting lo 
51,315,000 gallons are 10 millions in excessof mine, thus verifying the 
opinion expressed that I^had rather under than over estimated the flow 
of the springs. 

It is well known that a series of experiments of tikis imlure should 
be conducted at different intervals of time and with great precision ; 
bat in this case it was very desirable to aaeex\a.\a %)&?. -i 
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Mr. S. JRennie's Report 

diacliarge of the springH after a period of long drought, which object I 
believe my Hpprosimale sjauginga and Mr. HamraeH'e most accurate 
re -es ami nation to have effected. It lias come W my knowledge thut 
one of tlie water companies' engineers has lately examined Iheae 
suiircrs and realized » dischnrgc of 60 millione a-day from 14 of the 
largest springs. This esperiment was conducted during the late heavy 
rains and is only of importance as showing that should tlie future 
necesaitiea of the metropniis exhaust the deep spring water, a careful 
storage of surface water will aftbrd an ample and pure supply, though 
not so pure as that frum the springs, as being exposed to deterioration even 
in lined storage reservaors. 

Too strict attention cannot be afforded (o the now ind imputable fact, 
that tiie deep springs alone, after a protracted drought, vield 51,311,000 
gallons per day, a discharge of 12,000,000 gallons in excess of the 
present requirementB of the metrnpolis. 

Plan No. 2 is reduced from tlie Ordnnnce maps, and includes the 
whole area under investigation, which embraces, first, the sands of the 
B^aliot formation included between Wokingham, Farnham, Woking, 
and to wiihin two miles of Chertsey ; secondly, the part of the green- 
sand formation extending south of tlie rivers Wey and Tiliinghoume lo 
Woolmar Forest, I]a7.lemere and the Leilh lulls, including the low 
rangen of Hascombe and Hambledon. This sketch is submitted as 
explanatory of the position of the springs ; the bine lines represent ihe 
prolmhie directions of the pipes, and as will be seen are on the south side 
of the Hog'a Back gathered together at the pass in that rangs at Guild- 
ford where it is proposed to commence a conducting culvert, which will 
terminate in an adjusting reservoir on Wimbledon Common, as marked 
upiin Ihe plan. The sprmgs from the Farnham Sunds will enter the 
aqueduct in the direction of Woking. From ibe reservoir must radiate 
the lines of mains tn connect with the existing street pipeage. 

I have given as fur and as accurately as in my power the levels of 
the spring-heads and of points on the lines of collection and coLiductioo 
above mean lide. From these imperfect data are calculaled approxi- 
mately the diameters and lengths of the pipeage of collection as detailed 
bereatter. 

In conclusion of the subject of the quantity of available water in this 
district, I wish to examine cerliiiii statements made lo the New River 




Company by Mr. George Rennie, in a report on the supply of water lo 
be obtained from the district of Bagshot. 

Aa the copy of the Ordnance map which is appended to this Report 

comprises the whole area of sands north and south of the Hog's Back 

which have lately been the subject of further examination hy me, and 

as Mr. Benuie's Report is confined solely to the sands north of that 

range, I would conclude that he considers the quantity and quality of 

the water derivable from the green-sand formation unimpeachable, were 

it uot that he makes a statement whicb if borne out by fact would con- 

'le source entirely; and my conclusion from his silence about the 

md formation, and trom the nature of Ibe statement alluded to, 

s thai Mr. Rennie never visited this portion of the district at all. 

I will now cursorily esamine some of the statements made of areas 

ailable and waters ganged. 1. The total available drainage area is 

■> at 50,000 Bcres and the discharge of water to be 12,142,853 



on the Sqfi-ieater Sources. 1 7 

fpllmiB per day. On looking at tlie portion of Mr. Rennie'a map 
colojired as an available eoiirce of water supply, I was surprised lo 
observe tliat no notice whatever it takeu of tlie portion of tlie Bagshot 
sand foimation, induding the Hertford Bridge Flais, Eversiey 
Common, Minly, Northfleet, &c., altliougli forming a part of the 
area mentioned and indicated bv tbe Board as available, from liaher to 
Slrntfieldsaye (vide page 98, Report on Water Supply). This area 
comprises at least 5000 acres, and the omission appears very strange 
wlien I remember that tlie discharge of the springs alone, having their 
outfall in (his area, amounts to D,130,000 gallons per day, one aeriea 
at Baker's Bridge giving 8,251,000 gallons. 

Tde total quHntity of water derivable from the Bagshot sand formation 
will then be given by Mr. Rennie, 12,142,152 gallons, omitted by him * 
9,130,000 gallons; making a total of 20,393,152 gallons, a quantity 
larger by three- fourths of that reported by Mr. Rennie to be available. 
The dischoi^ of the springs from this formation, as reported bv Mr. 
Rammell, amount lo 19,138,000 gallons. 

I will now remark upon a statement at page 11 of Mr. Rennie'a 
report, where I find, within six Hues, two aasertions, if true, so damaging 
to the Board's proposal, and yet from my knowledge so at variance 
with fads, that I deem it my duty in submitting them lo the notice of 
the Board to analyze them carefully. 

After asserting that the quantity of water really available woud fall 
very far short of the Board's estimate, Mr. Rennie proceeds lo sav, 
alluding to the many requirements for water in London, besidea houas 
consumption — "If the deficiency for these latter purposes are to be 
taken from the River Wey, the hardness of which ie established at 
sixteen degrees, it will go far to reduce the quality of the water for 
domestic use ; and in either case, whether taken from a tributary of the 
Thames, or from that river at Kew, the abstraction of so large a volume 
of water from (he flow through the metropolis, during such seasons in 
particular, must prove injurious to the general scour and purity of 
this noble river." Of the springs from which it is now proposed to 
supply the metropolis, 31,231,000 gallons fall into the Wey, 
18,138,000 gallons into tbe Backwater and Loddou and 2,000,0t)0 
gallons into the Mole. The Loddon enters the Thomcs at Sonning, 
the Wey between Chertsey and Walton and the Mole at Moulsey above 
Thames Uillon. In all, 51,375,000 gallons will neceasarily be ab- 
stracted from the Thames. Let me examine to what extent Ihe noble 
river will be reduced, for which purpose I will refer to Mr. Walker's 
report on the probable effect on the navigation of the River Thames, 
by the projected plans for the supply of Ijondon with water by the 
Henley and London Aqueduct Commission and the Metropolitan or 
Mapledurham Water Company. 

Extract: — "The Henley scheme proposes to take its supply fi-om 
the River Thames, near Mendeuhead Abbey, or about 4 miles below 
Henley. We propose therefore to calculate on the extraction of 
1CO,000,000 gallons per 24 hours, stated by the Henley project, which 
is exclusive of their taking an equal quantity (except in times of 
drought) for sewerage, as has been stated. The effect on the tideway 
below Teddington-lock comes to be considered separately. TbU lw.t, 
when built, in 1810, had 6 feet upon its Vo-wei siW. &\, Vovj -fltfiKi. \ft 'v-'o^'s* 
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.oval of Lo 
ill the river near London have lowered the 
3 feet 9 inches upun the Teddington sill. lU 
that the eHect of abstracting 100,000,000 galloi 
level of the water at the luck, and for a distai 
which would be a real and iiractical evil. It i 
nbuve evil is not, in our oijinion; without a ten 
of Teddington-lock and erecting a new lock i 

1 to U miles above Teddington, with a «ill of sufficient depth there, 
removing the ehoals bo as to nJlow the tide to flow more freely up to the ' 
proposed lock, and decpenin;r the river up to it ^ the abstraction rf 
water would be compeiiaated for and the navigation of the Thames ii 
proved by the greater quantity of tidal water which would flow and ebb 
at any tide." 

Such was Mr. Woiker's opinion, Mr. Rennie having predicted i 
great injury to the river at the metropolis, I will carry the investigation 
furiher. According- to Mr. Leach's calculations the Rbstraction of 
50,000,000 gallons would lower the water on the sill at Teddington- 
lock 3i inches; the probable reduction in depth therefore at VauxhftlU 
bridge, would from the increased widih, be less than one-tifth ofai 
inch. Such tlierefore would he the amount of injury to tlie general scout 
and purity of this noble river. I will argue further and having prored 
that according lo the newly proposed syBtem of sewage by carrying 
away and discharging it into the river at Woolwich, the abstraction of 
50,000,000 giillons would lower the depth of the river at the metroprdia 
one-fiflh of an inch, will show that if Mr. Rennie's su^estiona oii 
sewage were atiendcd to and the Thamea w 
sewer of the metropolis, as advocated in Mr. Rennie's letter to the 
" Times" of December 27, 1849, the one-fifth of an inch would of j 
courae be restored. 

Now aa regards Mr. Rennie's assertion concerning the River Wey, 
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the hardness of which iaestabliahed a 
lie not a miatfilte of the printer's 
Mr. llennie could arrive at such a 
junction of the Farnham river with the 
River Wey has not a hordnesa of more thi 
Dr. Clarke's aoap test. 

Attached to Mr. Rennie's report I find several chemical analysea of 
waters from the New River and Furnliam aourcei;, iiy Professor , 
Urande. To one of these I request the atientlon of the Board, 
viz. that from a lead cistern at the Lion Hotel, Farnham, given as ' 



Carbon of lime, silica, and carbonate of lead 
Chloride of fodiura .... 

Sulphate of lime 

Organic matter . . . , , 



Grains. 
3-00 
1-40 

0-70 
l-4(,l 



Total graina per gallon . . . e'50 

One item of this analysis certainly astouishea me. The object of 
the csammalion of the specimen can onlj have been to ascertain the 
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kctiunDf the sofl watet cm the leail ei«leni and to see in how far the 
feflfeet Could be chemically detfected in the water. How are the three 
ingredients, catboA of lime, silica, and carbon of lead, combined, 
that they could not be separately l^eighed ? Is it because the analyse 
deems all three of so little importance that closer examination is useless f 
I fbaf not« fof Professor Brande has so explicitly stated his opinion as 
to the actidn of pure water on lead that it will be necessary to looK 
farther* Is it found convenient to leave to the imagination of the 
public what proportion each ingredient bears to the whole? My own 
opinion is decided, that the three ingredients could not easily be weighed 
together ; at any rate, such an analysis M'ould be considered slovenly 
and unprofessional. This solution of an important question bears the 
stamp either of impartial truth or scientific accuracy, and I appeal to the 
whole honourable profession of chemistry, whether or not this analysis 
of an important question bears the stamp of the impartial measure of 
justice which has ever characterized the decision of British judges, 
^whether in law, chemistry, or other scientiOc matters. 

Before proceeding to discuss the method of collecting, conducting, 
imd distributing the springs, I would again refer to the great mistake 
made by those who informed the Board that the supply at Farnham 
ivas derived from under-drainage — a term implying a system of pipes* 
laid at a certain depth from the surface, to receive and ainvey away 
the rain-fall but which is erroneously applied to the case in question , 
as the supply is obtained by leading away a few small but constant 
fpringa through an adjusting reservoir to the town. 

Tiie method of collection and material of the pipes should now be con<^ 
aidered. The superiority of earthenware over metal pipes has already 
been so clearly represented and discussed in the Report of the Board 
on Water Supply, that it is in vain for those unfavourably disposed to 
reiterate their ordinary and groundless prejudices. History, ancient 
and modern, records the efficient and extensive application of earthen- 
'11 are pipes for the conveyance of water: and at the present moment 
they are nipidly replacing metal pipes for water and gas supply in 
France and Switzerland. I propose hereafter to give sonie instances 
of their application, meanwhile no one will deny the practicability 
and propriety of a recurrence to the ancient practice of using 
earthenware pipes even of considerable diameters, for the purposes of 
^^uUection. The following is an approximate calculation of the lengths 
and diameters of the proposed pipeage, showing a total length of 
816,640 yards of pipes of all diameters from 2 inches to 2f feet, of 

which — 

•35 or -^ are 2 inch 

•20 or ^ are 3 „ 

•11 or T^oV are 6 „ 

•05 or xf we 9 „ 

•04 or rir are 12 „ 

06 or xfrrare 15 „ 

•02or-rf,rare 18 „ 

•01 or T^ are 21 „ 

'16or VsV are24 ,, 

• TliCM pipes shoald be laid up to the very 80UTce« t^^ ^^ %^Xi<^ 
and should be so arranged as only to receive \^xdT \e^%V%o^*vcfc 5«&- 
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face water, during periods of rain, being allowed to pass awny witiiout 
contaminaling ihe source of Rupply. Tiiey sliuuld IJe laid at a depth 
of 4 or 5 feet, and carried lo the outfall aloiip the natural slope of the 
county, thus increasing to a trilling extent llie distance, but avoiding 
works of masonry and inlerftrence with the surface. 

Supposing then the springs collected and brought down lo tbe pasa 
intherangeoflbeHog'a Back at Guildford, I now come to consider tlie 
iinlure of eiindiiction lo tlie adjusting reservoir. According to oil eipe- 
rienee, ancient and modern, water muht be covered in from tlie aimo- 
sphere tii preserve its native purity and softness. This is not only 
known to the Board but much insisted ujion in tlieir Report on the 
Water Supply, 'flic double culvert of brick proposed will answer all 
the purposes required, combining as it does, strength and elficiency 
of form with great economy of construction. The line of direction as 
indicated by the Board is an inclination fiom the contour at Guildford 
to that at Wimbledon Common, thuii saving expensive foundations, by- 
keeping under the surface, tbe deviation from the straight line not 
being considerable. 

Having brought tbe spring-water fo Wiiiibledon Common, Ihe next 
point is, whether or not it be really imperative to have an adjusting 
reservoir, if so, tbe locale Is admirably adapted for tbe purpose as having 
a considerable elevation above mean tide, more than sufficient lo give 
high pressure to one-hall' of the metropolis, Tbe supply for the more 
elevated portion* must be pumped, the expense of which will be very 
trifling when it is remcmberd that the cost of raising 90,000 gallons 
50 feet high is only la. As regards reservoira generally, where water 
is obtained from pure sources and the supply is equal to the greatest 
possible demand within the shortest space of time, they are to be utterly 

* Note — A great ailvantaj;e however will exi>tm having a surplus nf water alwaji 
disposable, in the event of extensive fire). M'e liave every 'ight to hnpe that the 
syilem of constaut Bupply at hij^li iiTessiire rrom large pipes with pluuii at shoct di». 
liiiiceB, and huse slnays and conveaieatlj reailf i as lecommeaded by the Board, will 
with comnian vigilauce on the part of the police render such oEcurrences as rare in 
London as they now are at Hamborgb ; but as n lilile ne^igence acr] tills arcidental 
coincidence of high winds make such events possible] it will be well to have plenty 
of water available. I would lemaik, that while at Ilarnhnrgh the risk from Gte 
amounlB to notliinjj, it does uot seem that Ihe rates of insiitance arediminiehed, ancl 
it is iBLcl that the insnranco companiei oS Londoa do not eontemplnlc any teduclioQ 
when this cily shall partake of the si-curily now afforded to Hainbur);h. How ii 
this ? The companits are not alow lo charjfe enormously for what they term great 
risks, and why thererore, are Ihe public not to share ia lhi> Baving from increased 
safety. Shoul.i this subjrct not ht^nfofter receive the attention of imperial legisla- 
tion, it will be well fur persons to consider whether with jets of Water, say SO feet 
high, always at command, and hose conveniently disposed perhaps in the lamp-puts, 
ur in receptacles under the pavement, it will nut he more economical, by increased 
vigilance to become our own insurers, and save Is. G<i. in Ihe 1002. for building, 3«. 
fur property, and tbe tax of 3». per thouKand. The Board have r 
■' ■ - >■ - Jon at ia,00D,00O;., which c 
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- . - . -15 years pun 
300,000,000;. Say the property amoimts to 300,000,00(1;. ; Ihe pi 
rale on the first would give, if all injured, iibfiHGI., on the second 4SU,O00/., tba 
duty 101,220/., in all 77G,^aU/., which, divided among ^S0,000 houses, gives an ave- 
rage pergietual rate per house of 11. !5t, &d. I am luld that insurance i^i hi-npflriallii 
affected bj compeliii 
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cdndemned as poBseaBing no advantage and involving possibly manjr 
serious evils. ( Vide " Report on Water Supply.") As to the case in 
quealion, the sources of llie proposed eupply yield raiher more than 
51,000,000 gallons in 24 hours or 25i million gallons in the time when 
the greatest demand ia necessarily made. The supply is therefore 
14i million gallons short of the demiind, estimated at 40,000,000 
gallons a djiy for all purposes. A reservoir of small capacity is there- 
fore in the present question, imperative. The only other means sug- 
gested to me of making good the deficiency, is by increasing the section 
of the conducting culvert but I consider the reservoir to be the cheapest 
and most desirable means of effecting the purpose of equalisation. 

A covered reservoir as proposed by Ihe Board niiglit be constructed 
lo contain 100,000,000 or 200,000,000 gallons, equal lo from two to five 
days' consnmpliou. The entering water should be introduced in several 
places at the bottom and not opposite the channels of delivery; thus 
compelling a tl.orough mixture and avoiding all stagnation. It ia 
wonderful to observe the confluence of streams, especially of those of 
very considerable and disproportionate velocity, apparently straggling 
long ere they amalgamate Ihoroughiy. This circumstance is plainly 
visible at the junction of streams flowing from ditTcrfnt formations, 
and an instance occurs in the district in question ; for I. find — first on 
the authority of Mr. Long, a resident, and subsequently on personal 
inquiry — that at Tilford, llie point of jnnciion of the hard water from 
Farnhamwith iheiofl from Headley, " the poor people who live in the 
cottages on the side vfhere the Farnham water flows, do not dip their 
buckets from their own bonk, but crossing TilfoMl Bridge, obtain a 
supply of soft water for liieir washing from the Headley portion of the 
current." 

A fact which strongly corroborates the evil influence of open reservoirs 
in allowing the nntcr to stagnate has been exemplified nt Dublin, the 
north side of which city is partly supplied by the Porlobello reservoir, 
about loo yards long, TO yards wide and of a considerable depth ; the 
reservoir is supplied from a canal close by, through which a current is 
constantly flottiug. A few years ago this reservoir was exceedingly 
dirty and while being cleaned the supply was druftcd direct from Che 
canal, when a considerable improvement Has remarked in the ijuality 
of the water. The reservior being cleaned, the water was again turned 
in, and although passed through a new filter, there was an immediate 
change for the worse, being in fact little belter than before the reser- 
voir was cleaned, thus corroborating the assertion of Dr. Hassall, that 
water not kept thoroughly in mixture and motion must deteriorate. Let 
any one in London observe the reservoir in Green Park, which though 
cleaned out and of laie whitewashed at the bottom once a month nearly, 
reminds one rather of a duck-pond than anything else. The same dete- 
rioration occurs also at Liverpool, where the spring-water from the new 
red sandstone is pumped into a reservoir, which became so foul In a 
few mouths that the water could not be used. This also occurs at 
Carlisle. We need not however go further than lo the salt ocean for advice 
on this subject, all who have seen the si-a after a long salm, will re- 
member the filthy scum which dimmed its fair surface. I deem it right 
to draw attention lo this deterioration of water, (at I. viviitifewti^ "i^^ 
New River Company propose to ask this session i'ii -^uiNfm vi 
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Bad Trials of Earthenwara Pipes. 



enormous open regervoirB of upwflrda of 1200 acres extent t 
a supply for the whule metropolis. 

It now only remains (o connect the reservoir witli the existing 
system of Bireet und house distribution. It is most desirable that 
earthenware pipes should be uaed, ihe water would then reach ua 
aB pure and cool as at ils source. I am aware that some engineers 
state it as their opinion that pipes of large diameters cannot be made 
sufficiently .strong to withstand tlie hydraulic shock at the required 
pressure. The defiirable she varies from 18 inches to 24 inches, and 
the highest part of London is, I believe, 400 feet above mean tide. 

That earthenware pipes of a certain diameter have been and are now 
in use at a considerable pressure is unduubled. It is urged however that 
they have had a fair trial in (his country and have been found wanting. 
How and where was the trial and what were the causes of failure ? I 
find it stated in a valuable Eeporl on Long Town, Stoke- upon -Trent, by 
Mr. Rawbnson, one of the Board's engineers, that " a Mr. Bradshaw laid 
tile pipes through this town with socket joints made wiih Roman cement, 
but they would not stand the pressure, which was 128 feet; Ihey did 
not Bland it one day. The pipes were msde of blue marl, some of a, 
superior material, but these even did not stand ; they did not go in the 
joint, but in the middle of each pipe." 

Mr. BadLon, plumber, stated, ^' that in a general way the pipes broke 
at the socket collar, and when ihey were suddenly slopped." 

Again, I am informed that Sunderland was laid with earthenware 
pipes, which are supposed to have been tested up to 300 feet of pressure, 
but they failed under an intermittent supply ; (he joints were secured 
by a ring of cast iron and stood. It is generally supposed the failure 
was owing lo defective laying without proper foundfliions. Now what 
does this all go lo prove ? In (he first instance, culpable recklessuess 
in laying down pipes not tested as to strength to resist a known pres- 
sure; in the second case, an almost apparent determination to make 
the system fail, The pipes withstood the pressure, the joints were " 
perfect, but the skill of the manufacturer and of the engineer were 
frustrated by the carelessness of those whose duty it was to lay the 
pipes. I confess, that if Ihese sfatenienis have been accurately given to 
me, I see a fair prospect of eariheuware pipes being made perfectly 
efficient. The points to be attended to in the elucidation of the system 
are, first, strength of material to withstand pressure and the smaller 
hydraulic shock that will still exist even on the constant system of 
supply. Second, a simple, efficient and economical joint that will 
admit of one length of pipe being removed and replaced when necessary. 
Lastly, a proper system of lading as in cradles. I must add, that some 
experiments were instituted on this subject by Mr. Quick, the able 
engineer to the Vauxhall and Southwark Water Company, who states, 
I believe, that the pipes failed under the hydraulic shock. 

Having described the means proposed for the conduction of ibe 
springs of Farnham and Hindhead into the existing system of street 
pipeage, I now propose, before offering the Board an approximate view 
of the whole expense of (he works detaiieil, to enumeiale the injuries 
they would entail on property. 

The damages lo property involved in the collection of the springs, 
and requiring compeasatioa, are, — 



Probable Injuries to Property requiring Indemnity. 23 

1. Loss of water to millers and manufacturers, brewers &c., if any. 

2. For the purposes of irrigation. 

3. For ornamental water. 

Referring to the paragraph, page 115 of the Report on Water Supply, 
commencing " For the facilitation of the required works, &c.," I would 
express my opinion, that where the existing supplies of water to villages 
and isolated dwellings for house and farm-yard consumption are in 
question, which is a subject of considerable anxiety to the inhabitants 
of the district, special provision for their security might be provided in 
the Bill. 

. The anniexed table gives the whole number of mills in the district wliich 
can possibly be affected in any way. in value amounting in all to 32,000/., 
but I believe this to be above the market value. This table is the 
result of considerable investigation, and may be relied upon. It gives 
the name and description of the mills, the average hours of work per 
day, nature and quantity of work, the annual income, valuation to poor- 
rate, and total estimated value of the mill and machinery. As regards 
the flour-mills, I know that foreign or other corn is ground by steam 
in London and sent into the markets of Guilford and Farnham, where 
it undersells the flour ground by the water mills, which cannot 
compete against steam power with the advantages of proximity to 
market and the saving in labour time and expense of cartage. 

I am convinced that the millers will, if left to themselves, readily 
come to terms, and be glad to be rid of their unprofitable calling and 
unsaleable stock. 
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Tabk showing tlte Number ^ Names^ Value, Sfc, 

Approximatb Estimatk of Profitf And Val 



No. 



Name of 
Mill. 



1 
2 
3 

4 
& 

« 

7 

8 

9 
10 
11 

12 

13 

U« 

1& 



1« 

17 

18 
19 
20 
21 
22 
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24 
25 

26 

27 
28 
29 

30 



31 
32 
33 
34 

85 



Abinger, . • 
Bagshot. . . 
Barford • • • . 

Barford • • • • 

Bnunshot • • • 

Bnunahot • • • 

Bramley . • • 

Chobham . • • 

Cosford • • • . 

I>anford • • . 

Embrook . • . 

Easthampstead 

Emmett's • • 
Enton • • • • 
Fleot • • • • • 



Headley, Park 
lleadley . . . 



Name 

of 

Proprietor. 



Reaidence 

of 
Proprietor. 



Hascomb 
Heath. . . 
Lowder . . 
Pirbright . 
Paddington 



• . • 



Bake 



Kookery, • • . 

*» • • • • 

Raiea 



Sicele . • • 

New 

Pitfold 



• • • • \ 
. • • • ? 
\ . . , J 



LL 



Stanford. • • . 

t» • • • • 

Snowdenham . 

Sliotter . • • . 

Westoott. • • • 

Windlesham. • 

I 



W. J. Evelyn, Esq. 
J. Cozner, Esq. . 
W. Waren . . . 

N. J. Fuller, Esq. 

C. J. Ellis, Esq. . 

W.Calcraft . . . 
Colonel Wyndham 
J. Lipscomb . . . 
Lord Middleton . 
T. Weding, Esq. 
J. Hay wara . . . 

Marqnisof Down- 
shire. 

J. Mumford • . . 

Rich. Whitburn . 

H.P.Collett,E8q. 



W. Langridge • . 

Sir A. Macdonald 

T. Durrant. . . . 

J.Honer 

J. Lucas. .... 
H. Ilalsey, Esq. . 
W. J. Evelyn, Esq. 

T. Durnmt » . . 

R. Fuller, Esq. . 

»» • 

Marquis of Dow n- 
shire. 

James Simmons < 

Sarah Walker . . 

Richard Knight . 
W. L. Henning . 
G. Oliver • • • . 
R. Fuller, Esq.. • 

J. Humphries • . 



Description 
of VLxW, 



Wootton. ... 
Bagshot. • 
Brsmshot • • . 

Frensliam . • . 

Esiex-street, 

London. 
Bramshot • • • 
Bramley. • . . 
Chobham • . . 
Pepperharrow . 
London . . . • 
Wokingham . . 

Easthampstead 

Chobliam . • • 

Enton 

Yately • . . . 



Headley. . . . 

Woolmer I^joJge 

Hants. 
Witley ..... 
Pirbright . • • 
Lowder .... 
Henly Park . . 
Wotton .... 



Flour and grist 



f t 



Paper 



Flour and grist 
Paper 

Flour and grist 

> * 

If 

* • 
Flour, grist, saw 
Flour and grist 

>> 

** 
>> 
** 



Nature 

of Right to 

Water. 



Witley 



• • • . 



Dorking. . • . 
Dorking. . . . 

Easthampstead 



Cherimans, 
Haslemere 



sre. \ 
Headley. • • • 



Chawton, Hants 
Dorchester. . . 
Shotter Mill . . 
Rookery Dale • 

Bagshot • • • . 



• > 
>> 



Flour, grist, saw 
Flour and grist 



>> 






Flour, grist, bont 

Paper 

, , . . . • . 

Bleaching . • . 

Flour and grist 



Paper, • • • . 
Flour and grist 

* » 

>f 

Flour, grist, saw 



^FW 



Absolute • . 



»» • 

Subject to Bar- 
ford com- 
miU. 

Absolute . . 

Absolute . . 



• « 
Not absolute . 



Absolute . . 
Not absolute. 
Absolute • • 



Not absolute. 
Absolute • . 

i> • • 

Not absolute 

f * 

Absolute . • 
Not absolute 
Absolute . . 
Absolute. . . 
Not absolute. 

Not absolute. 

Absolute • . 
f» • • 

»» • • 



Sitiiati<m 

of 

Mill. 



ft 



• * 



»» • • 
Not absolute 

ft 
f » 

Absolute • • 
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Abinger. • • • 
Bagshot. ... 
Headley • • • 

Frensham. • • 
Bramshot • • . 

»f 
Bramley* ... 
Chobham . • • 
TImrsley • • • 
Chertsey . . . 
Wokingham. . 

Easthampstead 

Chobham . • • 
Godalmiog • • 
Ilawly , , • . 



Headley, . 

f f 

Hascombe. 
Pirbright . 
Steep . • . 
Pirbright . 
Abinger . . 

Witley . . 

Dorking. . 
. »» • 
Wokingham 

Haslemere. 
Lynchmere 
Frensham . 

Headley. • 



»» • 
Bramley. . 
Lynchmere 
Dorking. • 

Windlesham 
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^6 Estimated £xpeiise of the (Forks. 

I shall now offer Ihe Board an approximale view ot the expe 

the whole undertaking. The prices estimated for the earthenware 
pipes are hiiver ihnn such are miw sold for, but tlie reduction is based 
upon a careful caltulatinn by the engineers of the Trial Works as to 
what might be done by eonlracl. The same, in a less degree, applies 
to the construction of the double-brick culvert and of the covered 

The whole, it will be seen, nmounts to C46,800;., including compea- 
sation, and 10 per cent, for coiiiingencies. 



Total Ej:peHdilitrf. — It-ems. 

£. s. d. 

Colteclion 40,000 

Conduction to Service Reservoir on Wim- 
bledon Common, in a double-brick Cul- 
vert, 24 miles, at 1000?. per mile . . 168,000 

Covered Service Reservoir to contain four 
days' supply, at 50,000,000 galloufi per 
day 80,000 

Estiiniile of expense of Mains to connect the 

Reservoir with the present Street-pipeage 200,000 

Probable amount of Compensation for Milt- 
owners, Irrigaliou, &c. . . . 100,000 



lOper cent, for cotilingeneies . 35,803 
£646,800 



Supposing, however, that the tolul expenses of the scheme, including 
pumping engines, amounted to three-quarters of a million sterling, the 
interest of this money, at 6 per cent., paid off in 21 years, will only 
amount to a rate, on the average ol 280,OUO houses, of 3*. Id. per 
house per annum. Let me now esamine what is the average perpetual 
rate of the water companies. Ueferring to their evidence before the 
Board, it appears that the total number of houses they supply is 
210,581 and their total receipis, according to their own calculalioiig, 
431,868^, which will give ah average rate per annum of \l. 12s. nearly. 

I think it will be allowed 1 have shown Chat an improved supply of 
pure soft water at high pressure may be brought into the present strcet- 
pipeage for a fraclion or orie-lenlh of the sum now exacted by the 
Companies for a defective, intermittent, ami impure one, laid down by 
the Board in the Report on Water Supply as follows; Defective, in 
that an average of 6 per cent, of the houses in the metropolis are 
unaupplied with water; intermit lent, as the water is only laid ou from 
every other day lo twice a-week; impure, in the large quantity of bi- 
carboDHte of lime held in solution, rendering the use of such water 
alike wasteful of material and prejudicial la health. 
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rojmlar practical Trials of Soft Hater. 27 



Some EviDKNicE as the Popular appreciation of Soft-watrb. 
Soap and Tea. 

In confirmation of Ihe evidence oF the Board, as espressed in the 
Report oil Water Supply, pages 64 to 80, I will submit some further 
popular appreciation nt" ihe economy of Koft water for domcBlic pur- 
pose!, Bs fxtractin"^ a greater strengtii of tea anri requiring less soap 
for washing. Every one has heard of this fact; many have observed 
it, yet none almost bill the poor ever dream of laking advantage of 
Ihe economy offered by antl water, even where such i» within iheir 
reach. It is thus most difficult to obtain a record of actual saving of 
expense efFecled in these necefsarica of life bj' the use of soft water, but 
DB ihe importance in the present lime of clearly establishing a practical 
means of economy is very great, 1 have exerted inVRelf to procnre 
fbither testimony and Ihiis to obiain the means of eslablishing some- 
thinglike ascaleof compa'ison of the relative economical values of hard 
and soft «aiers, from actual popular experience, which nill completely 
defeat the endeavours of adverse Interests to throw discredit npon the 
statements made by (he Bonrd on this subject. The rcBiilt of my 
researches is a confirmation of these stalemenis and of popniar 
evidence generally and the importance of the economy being accurately 
made known to the public atid more especially to the poor, cannot be 
sufGcienlly estimated. 

I am aware that it is said, '' Oh, a little more or less lea and soup, 
what does it mailer?" or, perhaps, " boiling the hard water throws 
down the lime, and a little soda settles any ditTerence as to soap." 
Let me now lest these objections by facts and ligures, for the sake at 
least of the very poor who form so large a proportion of the con- 
Bumera of the metropolis. 

In Farnham, I find, that at one of Ihe largeiit washing establishments 
it is stated, in one case, by Mrs. Corps, " we now do with the soft 
spring water, the .'ame amount of washing' with 4 lbs of soap that for- 
merly took 6^ lbs. of soap and 6ilbs. of soda with the hard well- 
water or the river water." Pntting soap at Gd. and soda at lid. per lb., 
this gives the respective expense of soft and hard water as 2*. to 
4«. Ofd., or as 1 to 2. 

Again, in the second case, Mrs. Hayes of Farnham says, " with soft 
water, B lbs. of soap does now the same washing that was done by 
9 lbs. of soap and 9 lbs. of soda formerly." Here ihe expense of soft 
water is to hard water as 1 to 1 "O. 

Take a third case; Mr. Edwards, plumber, of Parnhara, says, " for 
upwards of 35 years I have employed a brazier and iissislants, for whom 
I find soap to wash when leaving their work. As long as the hard water 
was in the house, the expense of soap per week was 3d., having now 
soft water, the same washing is done for Id." Soft water is here as 
I to 3. This is an outside case, from ihe dirty nature of the brazier's 
work, but affords valuable proof of the comparative solvent powers of 
the two waters with soap. 

I will now quote one of the many striking eases of evidence obLn.ine,<l 
from the verj" poorest classes of peaBantt^, ^^a.'fta.t^aW ws^4,"'X^!«». 
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S8>, Pojialar Appreciotlmi of Soft- Water. 

& very poor woman wiih a ^ar^t family, and am obliged to reckon 
closely how far my earnings ivill go. I hnvo lived 20 years here on 
Furnliam-hill and 10 years previously at Rklimoml, where tlie water 
was very liard. My soap goes twice -is Tar and my lea one-lliird 
farther with tlie soft wafer than it did with tlie hard. I wnsh for ray 
10 children here in aofi water with Ihe same amount of soap that I 
formerly used for less Ihon half ihe number of children. Tivo ounces 
of lea goes now as far as ihree at Richmoud." 

The relative expense of soft to hard woter, is therefore shown lo be by 
Mrs. Corps, 1 to2i by Mrs. Hojes, ltol'9! by Mr. Edvvarda, ItoSj 
by Mrs. Barfcll, I lo 2, The universal lei^timony of the inhabitants at 
FamhaR], give the economical value of soft to hard water with soap, ob 
2 lo 1. The well waters in Farnham have only 10 degrees of hardiiesB 
according to Dr. Clarke's tesr, and the hardness of ihe Tliames wat«r 
is I believe 13 degrees of the same ecule, but as boiling would pro- 
bably reduce both to the same degree, I rany say the above instances 
establish practicBlly that at Farnham with soft water, soap will go twice 
as far as with hard. 

Apply this to the case of a pour family in London, uting 1 lb. of 
soap and 1 lb. of soda per week, an expense of 1^. will with soft 
waler be reduced to 3Jd, 

Again at Whiiehaven, where a wiiter of 5i deffrees of hardness was 
formerly used and naa four moiuhs since replaced by water of 1 
degree of hardness, a Mrs. Curlett, wuaherwomon, says " When wash- 
ing formerly with hard water from the town fountain I used for a 
certain quantity of clothes 3 lbs. of Bonp and 2 packets of washing- 
powder. Witli the new soft wafer I use only IJlba. of soap and no 
washing-powder for the same quantity of washing. This is the ex- 
perience of all the washerwomen of the (own. My washing cosl me a- 
week formerly, 3 lbs, of soap at Gd., U. Cd. ; two packets of washing- 
powder, \ijd.y 3d, ; in all Is. 'Jd. At present the washing costs me 
Hlbs. of soap at 6d., 9d; a craving of Is. a-week and 21. 13s. a-year, 
which will nearly pay my rent." 

Mr. Musgrove, the secretary lo the Water Works Company, White- 
haven, slates that the expression of the poor of this town is, " the soli .j 
water is the greatest blessing ever came lo Whitehaven, we never had ] 
such lea in our lives and we save a great quantity of soap." Mr.Mus- j 
grove says, when ilie soft waler was first introduced the only complaint 
was that it took all Ihe sirength out of the lea on the first infusion. 

As regards tea it is more difficult to oblain exact proof of actual 
quantities saved by the use of Bofl water, because there are many teas <|| 
varying in slrengih, and doubtless many diltilions wiiich defy precise ' 
measurement; and therefore it is only at suih plates where the two hi 
waters are available for comparison that aecnraie lehlimony can be H' 
obtained. The evidence of all at Farnham is, (hat with soft water the '< 
same quanlily of tea will go one-lhird farther than with hard water. I 
This fully uoiiflrms tiie leslimony of Mr. Soyer, Mr. Philip Holland, I' 
and Professor Way, as given in the Report on Wafer Supply. The '' 
relative exlractive powers of soft and hard water in respect to lea are I' 
given by Mi. Soyer at 5 to 3, by Mr. Holland al 18 to 8, by Professor 
Clarke us a most material difference even in waters vaiyjng from 4 lo 
IS degrees of hardness. 
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Economy of Soft Water to the Poor, 29 

At several towns in Lancashire, Bolton, Bury, and Siockpoft, which 
have soft-water supphes, the evidence is all to the same purport ; I will 
now give the result of an experiment made at Bolton hy the manager of 
the workhouse, on tea with the two waters available there, the one of 
2 degrees and the other of 6i degrees of hardness. The following letter 
was received hy me on the 14th January : — 

Sir, Bolton Workhouse j January 12, 1851. 

In accordance with your request I have tested the advantage to 
"be derived from soft water over that of hard water in the use of tea in 
this establishment. For the number of old women we have at present 
whom we indulge in allowing them tea, we are using* 4 ounces of black 
and green tea mixed for a meal. The day after your visit here J. 
ordered 6 ounces of tea to be used with the hard water we formerly made 
use of instead of 4 ounces with soft water ; after the tea was made with 
6 ounces and hard water, hoth the matron and myself were of opinion 
the infusion of tea was weaker than had it been made from 4 ounces 
with soft water ; without saying anything on the subject, we repeated 
the experiment for three days, and at the close of the third day a 
deputation was appointed from amongst. the old people and waited upon 
me, and complained *^ that the tea had not been so strong as it had been 
formerly ; the person making it must have made a mistake, and forgot to 
put the usual quantity of tea to the same quantity of water." This is 
the result, as far as I have proved it with tea. 

1 am Sir, 

• Your obedient servant, 

J. Harrison. 

At Bolton, then, the saving of soft water of 2 degrees of hardness is 
proved with tea to be one-third the quantity consumed with water of 6J- 
degrees of hardness, or a little harder than the Thames water boiled. 

Assuming, then, the saving in soap to be one half, and in tea one- 
third, let me apply these data to the case of any family in London who 
use per week 1 lb. soap, 1 lb. soda, value l^d, ; 3 oz. tea, value 9d. : 
the saving by the use of soft water will be in the soap 3^d., in the 
tea S«?. ; making a total saving per week of 6|d, or 1/. 9*. 3c?. per 
annum. What a blessing soft water will then be to the poor labourer 
and the wretched needlewoman whose weekly earnings may average 15*. 
and 5*. a-week respectively — 1/. 9*. 3d. — to them a treasure unknown 
and untold. This sum will pay for the education in the year of three 
children. 

I will now remark on the evidence before the Select Committee on 
the River Jjca Trent Bill, by Professors Taylor and Brande, on the 
subject just treated. It will be well to give extracts from the evidence 
published. First, we have Professor Taylor examined, who in answer 
to question 117, says — 

" Having taken equal weights of green and black tea, and having 
poured equal measures of boiling, distilled, or pure water and river 
water into two basins, I did not let Mr. Cooper know into which basin 
I had put the river water. When cold he tasted them, and he at once 
pronounced as of equal strength or stronger than the other the one in 
which I had used the ordinary river water.** 

Again, in answer to question 119, Have you tried the two kinds of 
water in making tea^ soft and hard water? 
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80 Trading Companies' Chemiatsin Op position to popular Evil 

" We liave; I tried witli pure d, stilled water and River Le» W8iir_ 
we applied a test of [he iiiruaioii of lea, end we both touBidered that 
tlie IrfB river water made the tea, if anything, rather stronger than the 
winie amount of distilled water; at any rate there waa no difference in 
favour of the pure water." 

rrofeaxor Braiide examined, says, in answer to question 176, What 
is tlie difTerence you have found in sofc and hard-waters in the infusion 
of tea? 

" III regard to Tliatnes] water, and I helieve also in rejfard to New 
Uiver water, inaiimuch as ihey are very much alike, they appear to make 
teu in the same manner a£ distilled water, excepting tliat the colour ia 
darker a little in regard to the river waters, so that tea made with the 
river water looks much stronger than the other ; the taste seems lo me 
lu be very nearly the same." 

The pith of Messrs. Taylor aud Biandc's evidence is, that distilled 
water is rather inferior than otherwise to Thames, River Lea, and New 
Uiver waters in power of extracting the strength of tea. 

I coofess thai the opinions of these two profeasora of chemistry 
astonish me; t tie charitable coiiclusion would he that these gentlemen 
do not possess the usual fioeneas of the organs of taste and sight ac- 
corded to men generally, for their opinions are foond lo be in opposition 
to the en'ire popular evidence of all who have ever had the means of 
comparing aolt and hard waters. I must really be excused if I prefer 
the discernment (in the matter of tea) of the old women in the Bolton 
workhouse to the testimony of Professors Taylor and Urande. These 
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Nearly all treatises on the art of lirewin^ heer mention the superiority 
of soft over hard water for this purpose ; hut I am not aware that any 
one has yet demonstrated the actual economy of sofc water in extract- 
ing a greater weight of wort trom a certain weight of malt than could 
have been effected hy hard water. Having heard that such was the 
i:ose, I made inquiry when at Farnhum whether there were not some 
brewer who made it bis business to wander from house lo honse round 
the eiiuntry in practice of his voiiaiion. Such a person must have 
mure esperience of llie comparative values of soft and hard water for 
hrewing than any one who residing always in one ]dace, would prohahly 
only be acquainted with the qualities of one deacripijon of water. Very 
fortunately I made the acquaintance nf a certain Wilkinson, famous fur 
hia beer making talents, whose evidence I will now impart. He says — 

" For 23 years I have hrewed for all the country 14 miles round 
Fitrntiam, and consequently have great experience of the value of the 
different waters of the country for brewing ; these vary very much, from 
the soft spring water at Farnham to hard waters from the wells in ihe 
sand, clay, and chalk, or lo the waters of the rivers Wey and Black- 
water. My observation gives, the softer the water the belter the beer, 
and the greatet the power of extracting the strength of the malt. 

"I have proved it often, and am ready to make the experiment twfoi'e 
uajr one. 
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" I mean that soft watet will give a stronger wort than hard water, 
fbft water extracts above one pound more wort to the quarter of malt, 
6f whatever quality, than hiird water will. 

" A S6-gallon barrel of the best beer is now made from 28j^lb.s. of 
wort, by hard water but the soft spring water of Farnham will extract 
30 lbs. of wort from the same quantity of malt. 

" The beer made from soft water is better tasted, softer and keeps 
lunger, as it does not turn acid so soon as that made with hard water.*' 

From the data given by Mr. Wilkinson, it is seen that with water of 
about 15 degrees of hardness a hogshead of the best beer would have 
been made from 42f lbs. of wort ; but that by using soft water the 
same quantity of beer would contain 45 lbs. of wort a gain of 2\ lbs. 
of wort to the hogshead, not calculated by rule of thumb but measured 
by the sackometer in the hands of an experienced workman. By using 
soft water therefore, one hogshead may be saved in nineteen — an 
economy of hi per cent. On reading this calculation to Mr. Wilkinson, 
ne quite concurred with me in the result. 

Let me now examine wliat may be the economy of a very soft water 
of one degree over that of -a moderately hard water. 

On making enquiry at Whitehaven, as to the value for brewing 
purposes, of the new supply of I degree over the old one of b\ degrees 
of hardness, Mr. Colbeck, brewer, states, 

"With the hard water from the town fountain I made 10 barrels of 
ale from 30 Winchester bushels of malt, with the new soft water, only 
four months in use, I obtain lOi barrels of ale from the same weight of 
malt, a saving of 2^ per cent." 

The great value of the economy thus shown to be effected at White- 
haven lies in the fact of that saving of 2} per cent, being the superior 
measure of economy of water of 1 degree of hardness over water of 
5 degrees of hardness formerly supplied. This being about the 
degree of hardness to which the Thames or chalk waters are reduced by 
boilinpr. 

Looking then to the examples of Farnham and Whitehaven, where 
the merits of the two waters, hard and soft, have been weighed, it may 
be assumed without fear of error that the use of Farnham soft spring water 
in Ijondon would make 5 per cent more beer or ale from the same 
weight of malt, as now used. Such waters would indeed be valuable to 
the London brewers. 

Is it now for the first time only that the comparative values of 
hard and soft water for domestic purposes are investigated ? Hardly ; 
for what says that great philosopher, Lord Bacon, on this subject? 

•' It is a thing of very good use to discover the goodness of waters. 
The taste, to those who drink water only, doth somewhat, but other 
experiments are more sure. 

'' 1. Try waters by weight, wherein you may find some differences, 
though not much, and the lighter you may account the better. 

*< 2. Try them by boiling upon an equal fire: that which consumeth 
away fastest you may account the best. 

" 8. Try them in several bottles or open vessels, matches in every- 
thing else, and see which of them lasts longest without stench or cor- 
ruption ; and that which holdeth unputrified longest you may likewise 
•e<K>unt the best« 
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" 4. Try them by making drinks stronrrer or emaller with tlie s&ine 
quantity of miilt, and yuu may cdcicluJc the nnlci' which maketh the 
Btroiig'er drink is ihc more ciincocled and noiiilHlnn^, ihongh jierhapi 
not 8(1 g:ood for medicinal OiQ. And such water (cummonly) is the 
water of lai^e and navigable rivers, and likewise in large clean pond*. 
iif standing water, for upon both of them the »un has more power than 
upon fountains or Bmall rivers ; and I conceive thai chalk-water is neit 
10 them llie beat fur goiug furthest in drink, for ihiil ols.) helpeih con- 
coction, ao it be out of n deep well^ fur then it cureih the rawnew of 
the water ; but chulky walcr townrds the top of the earth la too fretting,, 
as it up|ieareth in tlic laundry of clothes, which wear out apace if you 

" 5. Tlie housewives do find a difference in waters for the hearing or 
the not bearing of soap, nnd it is likely that the more fat waters will 
bear soap best, for tlie hungry water doth kill the unctious nature of 
the soap. 

" 6> You make a judgment of waters according to the place whence 
they spring or come. The niin-water is by the phyaiciana esteemed the 
beat, but yet it is said to putrify soonest, which is likely because of the 
liiieness of the spirit ; and in couaervatories of rain-nater (sucb as tbcy 
have in Venice) they are found not co choice waters, the worst perhaps 
because they are covered aloft and kept from the aun. Snow-water is 
held unwholesome, insomtich that as the people that dwell at the foot 
of snow mountains, or otlicrwise upon the ascent (especially the women), 
by drinking snow-water have great bags hanging under their throats. 
Well-water, except it be upon chalk or a very plentiful spring, maketb 
niejt red, wliich is an il) sign. Springs on the top of high hills are 
the be^t for hotli ; ihey seem to have a lightness and appetite for 
mounting, and besides they are more percolated through a great space 
iif earth. For waters in valleys join in effect with all waters of the 
same level, whereas springs on tlie lops of hills pass through a great 
deal of pure earih with less admixture of other waters. 

" 7. Judgment may be made of waters by the soil whereupon the 
WHter runneth, oi pebble is the cleanest and beat tasted ; and next to 
that clay-water; and thirdly, water upon chalk; fourthly, that upon 
sand ; and worst of all, that upon mud. Neither may you trust waters 
that taste sweet, for they are commonly found in rising grounds of great 
cities, which must lake in great fihh." 

Measuring then Farnhani soft-water by Lord Bacon's teats, cs well as 
by all the popular evidence of the day, its economical superiority to llie 
hard chulk-waters now supplied iu liondun for domestic consumption is 
certainly beyond contradiction. 

Medk'i/ml vahic of Soft Water. 
The Hoard in their Report on Water Supply, pages 50 to GO, have 
quoted much evidence, ancient and modern, which would prove the superi- 
ority of soft over hard water for drinking, in being more graieful to the 
constitution of man; and show that the habitual use of hard chalk waters 
impairs the digestive functions, and predisposes to urinary and cal- 
culous disease. Having; visited nearly all the hard and soft water 
districts in England and Scotland, and made much inquiry on this 
sahject, the almost universal testimony of the medical profession goes 
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' to corroborate these conclusions. In those towns where soft water has ^ 

aupet»e<teil tlie use or Imrd ihe most decided evidence is obtained. 

There is mucb difficulty in formiag an opinion from cumpurison of ■ 

the perccnluge of the complaints indiciiled in districts where the J 

different nalera occur ; lor ihe health of the human ayatem depends I 

' upon ao many vnrious circumstances and isalfecled by bo much external I 

I influence, that it is hard to tix exactly upon the one, from many known I 

I causes of improvement, which shall have caused a cert«in marked \ 

I decrease in dii^eaae or have given increased viirour of body; never- i 

I thetest, diligent enquiry and research proves, that disorders of the 
I stomach do prevail excessively in the chulk disiriclB, while on the 
other hand, these complaints are found materiallv lessened, both in 
number and vigour, where soft, water is used. Persons of delicate 
digestion soon feel the benefit of a change from hard to soft water. 

One disease particularly seems to prevail in the chalk and limestone I 

diilricts, that of inflamed and relaxed sore throat and goitre. Several 
praviucial surgeons testily to the tiict, that habitual soft water drinkers 
Kre speedily attacked on the change to hard water, and that no cure is 
>o rapid and certain as that of a return to their accustomed drink ; 
where such has not been possible, tlie use of distilled water has had the 
wme effect. 

This tendency in hard waters thus to irritate and disease the i 

throat is noi peculiar to Britain, for I find on the authority of Johu I 

McClelland. Calcutta, that in the province of Kemaon, on the southern I 

border of ihe Himalayas, and consisting of mountains of the second I 

Tniik, from 4,000 to 8,000 feet high, with numerous deep rugged I 

valleys, goitre is very common. It occurs chiefly in iliose valleys o 1 

parts of valleys which abound in limestone and is comparatively very 
rare where slate and clay predominates. 

In the village ofBarabree, the eastern part is clay-slate; and in Hve 
tilla^s there, with a population of 155 iiiliubiiants, there in not a 
aingVe case of goitre. 

In the western portion, where limestone abounds, nut of n population J 

of 192 persons, occupying six villages, 70 are goiirous, but in one J 

villi^of this district where clay-slate is alone timnd there is not a single I 

case, although iu another village half a mile olf, where Ihe water abounds I 

in cubonute of lime and soda, 40 out of a population of 50 are affected I 

with goitre. Mr. McClelland infers, that water abounding in carbonate ^ 

ef lime is the cause of goitre, and he says, that he did nut meet in his 
tnvelB with a single exception to this theory. (Some I/tgttirien in the 
Province of Kemaon, ^c, by John MeClellatid, Calcutta, 1843). 

"With reference to tiie tendency of lime water to produce or pre- 
■liapose to calculous disease, the evidence of Dr. Shier, the Agricultural 
Chemist to the colony of Demerara, is remarkable. He states, — 

" I have paid much attention to the sorts of waters derived from par- 
ticular geological formations, and have examined many waters from 
Kreams and wells on the spot. The water of Demerara is so disagree- 
able that the storage and use of the rain-water is universal ; it is col- 
lected on the roofs, which from the nature of the fuel used, viz., wood 
and charcoal, are cleaner than in England. 

'* Local circumstances favour us, for we are eu&bVeA Via Xitv^^ ow 
a h) leeward and collect our wtiMi Ig «ia&wu&. 'Wt&^nV-^^^ 
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reia after a long drought in R^Uowed to puw nway iu a tvnstc-pipe and 
the tanks are covered. 

" The DemerariariB on viniling other countries feel Ihe chcoge from 
Hoft to hard water keenly ; thtwe whu visit Barbaiioes, where the h&l 
water from the coialine formation ii very diangreenble, were wont i^^ 
duffer la much from the change that the proprietor of one of the bot^ 
there has been neceEBitaled to conatruct a tank to receive the raiD-waU 
I comider the purity of water to have a moit important effect od healc 

" I can state one factas indisputable, that calcareous disordera do n 
originate in Demerara. Where cases of stone and ^avel occur in t>i 
hoapitals ihey are found in patienta who have come from coloniei wh« 
the water ia hard. Thia ia corroh orated by several of the leading me-c 
eal men. Since leaving the islaml I have experienced the effe< 
of the change from aofi to hard water. At the Tavistock Hotel, wh« 
I reside, I find the result of washing with hard water and aoap 
be a sort of anointing of myself with an insoluble lime-?oap. I conai<i 
the use of hard lime water tobemo^it prejudicial (o the health of animilfl 

Dr. Shier'a evidence appears to me to be moat valuable ; for if ra.V 
water, comparatively infcriorin aeration and coolnesB ia^o grateful, he 
superior in every respect must be the soft spring-water well aerated 1 
oxygen, and of a delicious coolness! His evidence as to calcarenusHisord* 
would render more accurate investigation of thia subject very deairabl) 

I think i may here transcribe with advantage some remarks * 
water by Mr. Dod, a civil engineer, who published a report on Metr 
politan Water Supply in 1805. He says :— 

" Observation and eiperience confirm the statement, that the neftra 
all waters approach to that of pure or distilled water, they are ilie bl~ 
and most proper for man to take us an element, being also the bi 
solvents for digestion, antidotes for raging thirst, and a regale to 1 
weary as well as most useful for all culinnry purposes. The ^reati 
part nf the spontaneous springs and wells in the metiopclis and its en* 
virons produce hard and chalybeate waters. A few are of a calcarCOU* T 
nature. The too frequent use of chalybeate waters has been stated by J 
Dr. Ruttey, and other medical gentlemen, to be seriously injurious Mj 
some persons, particularly those who are old and infirm, and have o<^| 
sufBcient health for activity ; also to persons of gross habits of body* (^f 
those afflicted with scorbutic humourf, although on the other hand th*^| 
poBsess medical virtues when used as remedies. The ton frequent V^l 
ofwaier highly charged with calcareoiiB matters has also ill effects on sojbJW 
persons in the hahit of drinking them, hut not to that degi ee as the fumer.^l 

It is strange indeed that in the 45 years that have passed since ihfrB 
publication of Mr. Dod's remarks science has done so little rowanl'B 
the invest i^ration of this important matter. Great as has been the iiii*fl 
provemenl in the last few years of chemical knowledge, there yet remSJt'fl 
a Iti^e field to the inquiring mind, for we can neither detect in watetH 
the presence of matters we know to exist therein, nor in the air the ?"*■ 
aence of the poison which we feel in our systems. I 

l)r, Kilien, of Bonn, ia of decided opinion that where the skin ortlwl 
body ia broken, the application of hard Itme-watcr is most prejudicialifl 
and that the healing virtue of Roft water is vrry remarkalile, H 

ReSecting on the difficulty of any comparison cf the effect of lb* 
ttro waters, an even where they rna^j hovh be available, or where U^fl 
Matd has been replaced by the soft Biipp^j,V(.is\er5 s.B.W&^a.cS.oti j^^B 
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that throughout the country generally a conviction of the great 
superiority of soft water 18 fast gaining ground in the opinions of the 
medical profession, while in London a mature consideration of the 
question, by Mr. Simon, the Medical Officer to the City, has given, in 
liis Annual Report, for 1850-51, the following verdict: "Believing 
that water is eligible for human consumption in proportion as it is free 
from the admixture of any material foreign to its simple elementary 
constitution, exception being made only of so much dissolved air as 
will render it sparkling and palatable, I entertain no doubt that a 
water devoid of considerable hardness would (cateris paribus') for the 
purpose of cookery and beverage, be far preferable to that which the 
Companies now distribute through the City of London." 

IV. 

Some evidence as to the Compabatiye action of Hard and 

Soft Water upon Lead. 

Having been requested by the Board to investigate at Famham the 

comparative action of the different waters in use upon lead, I submit — 

L The results of my observations in a tabular form. 

IF. Some evidence from the two principal plumbers in that town, as 

to their experience of the erosive action of hard and soft waters. 

III. A comparison of the erosive action upon lead of the soft spring 
water at Famham, and that by the hard waters supplied to 
the metropolis from the rivers Thames, &c. 

When my attention was first turned to the new source proposed by 
the Board for Metropolitan Water »Supply and when aware of the 
extreme purity of the deep spring waters of the Farnham and Hiiidhead 
district, their probable action upon lead became a subject of considerable 
anxiety for although fully convinced that earthenware would some day 
be matured for house distribution, I feared lest any delay in perfecting 
the new distributory apparatus might retard the execution of this most 
important branch of the entire scheme of sanitary regeneration for the 
metropolis, as proposed by the Board. 

Would or would not these pure waters act upon leaden pipes fully 
charged, was then the question. 

Aware of the prevailing opinion in the profession of chemistry, that 
all waters contained (though not necessarily) more or less carbonic acid 
gas, which would erode lead pipes, unless protected by the deposit of 
salts of one kind or another, I devoted my attention to form an approxi- 
mate idea of the probable action on lead of the water from the new 
sources. Assuming it to be correct that a deposit would afford protection 
to the lead from the action of carbonic acid gas (but whichassump- 
tion does not appear to me to be at all warranted by experience), I felt 
convinced that the trifling quantity of salts of lime and common salt 
contained in these waters would not afford any such safeguard and 
proposed to investigate in what proportion this gas existed in them, as 
compared with the quantity contained in the hard chalk waters of the 
Thames, Lea, &c. 

That the soft sources contained at any rate a less quantity, appeared 
highly probable from the fact that the waters from the deep springs, 
though brilliant and well aerated, did not sparkle as much as those frocathe. 
chalk formation, known to contain a large qoaxiliv^ oi <:^>MyKv^ ^\^. 
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On making the experiment Toughly, I was indeed aurpriaed to find 
that the presence of this gns was not to be detected in any of the ape- 
cimens from the deep springa. My next step waa to make some inquiriei 
at l-'drnhain as to ihe action upon lead of the spring and shallow well 
waters of the town, when I waa informed that whatever in course of 
time might be the erosion of that metal by tlie soft water, the hard 
waters from the wells in the sand and in the clay or chalk acted far n 
ijuickly and seriously- 

Being much engaged upon the chief object of my presence in 
gathering grounds, I did not at thiit time pursue the investigatian of thia 
subject any further, only remarking to others on the absence of car- 
bonic acid gas in the deep-spring water, and rea^rving the queslion for 
further examination by some professional chemist. 

tu October last, having been informed that Mr. Simon, the officer of 
health to the city of London, and Mr. Tftjliir. professor of chemistry at 
the Middlesex Hospital, were about tu examine and report on the new 
sources, I requested permisaion to accompany these gentlemen on tbeir 
tour of inspection. The first spring visited was that at Vnlewood, near 
Hailcmere. Professor Taylor, having tested the water for the different 
salts and acids, said he would ascertain the proportion of carbonic acid 
gas contained as in comparison with that in the East London und New 
River sources. On lindingno trace of thia gax, Mr. Taylor expressed great 
aatoiiistiment, and even doubted that an accident might not have happened 
to hia test, the accuracy of which he had ascertained before leaving 
Lundon. Subsequent examination however proved that Detthei the 
water at Valewood or any of the other specimens collected from the 
galberiug grounds gave even an indication of carbonic acid ; and I would 
new request the attention of the Board to a most important statement l^ 
Professor Taylor, as contained in Mr. Simon's Bnuual report on tl^ 
health of the city of London, just now published, where, in reporting on 
the quality of the proposed sofl sources, Mr. Taylor says that fr<im the 

absence of carljonic acid gas in these waters it is probable there '"* 

be no action upon leaden pipes fully charged. 

Having been requested to consider this subject as developed at Farn- 
hnin, I resolved to examine carefully the well-pumps and soft-w 
cisterns, and laid down the following points for observation in each house 
visited: — 

Ist. To examine the pumps, thehouse cisterns, and distributing pijKS. 

2nd. To note in each case the source of ihe supply, whether spring 
water from the hill or local well water. 

3rd, To note the hardness of each source accunling to Dr. Clarke's test. 

4th. To test for carbonic acid gas and sulphuric acid. 

5th. 'I'o ascertain the depth of each well and the nature of the for* 
mation of soil. 

6th. To remark as accurately as possible the action in each specimen 
examined — the action of the water upon the lead. 

From these data I conceived a decisive result might be obtained a 
the action of the soft water on a fully charged leaden pipe ; this point 
settled at Farnliam must also decide upon the action of the n 
in Lomlon, for all the deep-spring waters of the gathering g 
of a similar character. 
/ now euhmit (he folloning table to the Board's nolic 
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. livideiKc deduced from these Hxaminatiuus. 



From the (lain iifforded by the Table, it will be seen. — 

I. Thnt 13 house- eiEterns were examineil which hnd contained for 

Criods varyinj; from 1 i to 12 years the pure Boft spring water of Fani- 
m Hill, 1 decree in linrdnesa ; and that in no case naa any action 
whatsoever vieible on the lend, 

II. That one pump erected in 1808 over the soft-water tank at the | 
market-place showed slight traces of erosion after 42 years. 

III. Tliat !iO cisterns of leaden pumps over shallow wells of old and ' 
modern date were eiiamined. 

IV. That 10 of these showed scarcely perceptible or total absence of 

V. That the remaining 40 bore evidence of varied action, from trifling 
to very extensive erosion and eating up of the lead. 

VI. That in the case of ibe 13 ho use- cisterns containing sofl spring 
traler no trace of carbouic acid is detected. 

VII. That in the case of the 10 pump-ciBtenis which exhibited nu 
erosion, no carbonic acid gas, or mere traces, were delected in the 
water. 

VIII. That in the other 40 which bore marks, in roost cases of a 
violent action — the existence of. carbonic acid was asceriaiiied almost in 
proportion to the entent of the rBva^''eB on the lead. 

IX. That the biirdness or sofiness of the well waters does not seem to 
follow in any proportion as to erosive action. 

Having thus enumeraied the conclusions, warranted Ity facts aecer- 
luned by my investigations, I propose before comroenting upon them to 
oifrr some evidence ftum the two principal plumbers of Farnhum ; which 
town I would remarli, affords an unusual field for observation in ibis 
maltrr, as within a circuit of three square miles round the town, water is 
yielded from three formations, sand, clay, and chalk. 

I shall commence with Mr. Edwards, the chief plumber of Farnham, 
who, when asked to give his experience and opinion as to the relative 
action of the soft spring and hard waiers upon lead, states — 

'' I have been in the plumbing trade in this town 39 years, nnd am 
well acquainted with the action of the dllferent waters in this nei^hbour- 
liood on lead. I believe that all waters will in course of time hare 
some action. The hurd waiers from the chaik act most violently and 
immediately, as will often the clay waters. The soft spring-water from 
the hill will also act in long course of time upon lead, violently in i _ 
cialems but to a nmch less extent in piiies. I have taken up, in the 
course of my life, a number of the lead-pipes in Farnham Park, which 
bring down the Bishop of Winchester's supply from the spriog:s on the 
hill. Many of these pipes, which have been laid from 50 to 170 years, 
show very little irace of action from the water. (These pipes are not 
fully charged.) Some have shown a good deal. The lead tank at the 
Caslle, new in 181S, was worn out and replaced this year. (This lajik 
is roofed over, hut quite open to the air.) I do not think thnt the soft 
water will act upon a leaden cistern under 10 or 12 years ; in fact. I knoi 
it does nut, and in a pipe for far longer. 1 hare never seen soft water 
in a lead-pipe without air, except at Hill's-platc, near Famhaui, where 
the lead-pipe leads into ihe brick cistern ; the lead is mrt acted upon «r 
eaten by the soft water. Whatever the action npon the lead by the soil 
water may be, it is nolhing to the action of the waters from the town 
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wells, and the wells in Ihe chalk and clay. Tliey eat up the lead — some 
in less time, some in longer — but all quickl; and violently. They ent 
the bottom out c^F a cistern very soon. At Colderey, near Froyle, I have 
known the water from a well 70 or 80 feet deep in ihe chalk, when run 
into a new cistern, to bite the lead bo hb to become white, like lime-water, 
iu little more than a week- 1 repaired and painted this cistern. In 
four years the bottom of a cistern tliere Is ealeii up. 

" At Berry-court, fientley, near Alton, water is pumped from a well 
70 or 80 feet deep in the chalk into a cistern put up by me 1 5 Tears ago ; 
in 7 years it was full of holes. The water from the clay is very bad 
upon lead. A cistern at Mr. Knight's was quite eaten in holes by the 
hard water coming off the clay. I have Gcen the water from the chalk 
eat up copper pipes. These sparkling waters are the worst upon lead." 

William Lindsey, the second plumber in Farnham, states — 

" I was apprenticed in 1814 to Mr. Falkner, plumber, Farnham, and 
have resided here ever since, 27 years, as muster plumber, and know all 
the well-waters in and round Ihe towu and the apring'-waier from the 
IiiU. My experience of the action of the hard water un lead is, thai it 
is always mo^t serious. The two worst cases I remember were the cis- 
terns at the * Lion and the Lamb,' and at Mr. Andrews'. (See 30 and 
38 of the Table.) At the ' Lion and Lamb' the water was always eating 
holes in the lead-pipe, so that the air got in and the pump was uaeless. 
The proprietor was going to give up the well, when I put in copper pipes 
tinned. A very bad case was at Mr. Lambert's. This was a cistern 
in a stable-yard for watering the waggon- 1 lotses. The water was pumped 
in from a veil. Thirty year? ago I was called to put a new bottom in 
the cistern ; when taken out, a rap from a hammer made holes through 
it like as many pea-holes. I put in a new bottom, 7 lbs. to ihe foot, 
and in 10 years it was eaten up again. I renewed the cistern with a 
copper bottom. The case at Mr. Cuutan's was also bud, the water was 
pumped in from a well, this ci^ern was always being repaired, three 
years ago I was called in lo see It, when I repaired it and Mr. Coitian 
had in the soft water, it never wauls repair now. The action of the 
hard waters upon the lead has always been remarkable. It has been 
the custom to make the bottoms of the cisierns to hold hard water half 
an inch thick, on purpose to withstand the action of the water, and then 
they are always wanting repair. The lead for cisterns to hold hard 
well-waters is always 7 lbs. to the fool, if to contain soil water 4 lbs. to 
Ihe foot. I don't remember seeing a single bud case uf soft water acting 
upon a lead pipe." 

" In 1821 1 was working at Squire Halaey's, Henley Park; in the 
garden there was a lead cistern to catch rain-water, date IsOO and odd 
years ; it was said to be 300 years old. Not being wanted any more I 
took it away to melt up ; it was hail' an inch thick. 1 can swear there 
was no action upon it, it was as smooth inside as the day it was 

The evidence of the two Farnham plumbers may be resolved into tlie 
following heads : — 

f. That the action ofhard waters from the shallow wells iuFamJiam, 
and [he clay and chalk in the neighbourhood, is immediate, very violent, 
and most dangerous. 

n. That the action of the deep-spring watct ftota ¥iKHtea.\o.^«Ssx \i 
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even in cisterns very slow in comparison with that by the hard waters, 
bein^ to produce great erosion as 35 to 4 and 5. 

III. That the action of soft water in a fully charged leaden pipe is 
very sldw, probably not visible for 40 or 50 years, and sometimes not 
seen ill a pipe J 70 years old. 

Believing it to be must important to be able to produce a specimen 
of this leaden pipe 170 years old, I requested permission from the Bishop 
of Winchester to cut out a piece, at a place where I considered the least 
air could get into the pipe. His Lordship having most courteously 
granted this favour, a piece two feet long was cut out of an ancient 
moulded pipe, the ends burned together, as was then the custom, the 
art of soldering being unknown. This specimen, laid down in 1677 
and taken up in December 1850, shows no trace whatsoever of action 
from the soft spring-water. 

Recurring now to the evidence adduced by my own observations and 
the experience of the two plumbers, I would deduce as follows: — 

I. That the action of water upon lead will be much in proportion 
to the quantity of carbonic acid gas they contain. 

II. That the use of hard chalk-water, which contains a large quantity 
of carbonic acid gas, is both in leaden cisterns and pipes excessively 
dangerous. 

- III. That although the pure soft spring-water rises at its source per- 
fectly free from carbonic acid gas, and experience has proved that very 
many years' contact with the atmosphere, from 10 to 20 probably, are 
necessary to give it enough of that gas to become erosive in contact 
with lead, yet, as shown by the Board, on the principle of high pressure, 
cisterns for ordinary domestic purposes are unnecessary and had better 
be avoided. 

IV. That from the entire absence of carbonic acid gas, the pure soft 
ifvaters of the deep springs in the gathering-grounds of Farnham and 
Hindhead may be conveyed in fully-charged leaden pipes without any 
risk whatsoever of erosive action taking place. 

Having shown the comparative action on lead at Farnham, of tlie 
hard waters from wells in the chalk, sand, and clay, and of the soft 
spring water ; the former in numerous instances producing violent 
erosion in leaden cisterns in four and six years, while only one case of 
bad action of the soft water occurred at the Bishop's Palace in 35 
years, it remains only for me now to ascertain the comparative action 
on lead of the soft spring water with that by the hard waters of the 
rivers Thames, Lea, &c. For this purpose I will call Mr. Eastwick, 
master plumber, Haymarket, who has long experience of the action 
of the water supplied by the Grand Junction Works on lead in cisterns 
and pipes. 

He says — " There is always a considerable deposit from the water, 
which if not regularly swept out of the cistern will sooner or later 
destroy the bottom ; that always goes first, and before the sides ; the 
aides of the cisterns are generally made 4 lbs., and the bottom 6lbs. to 
the foot. The bottom of a cistern filled with Grand Junction water 
will be eaten through in about ten years. I have seen many rain-water 
lead cisterns from 15 to 20 years old, and never remember any action 
whatsoever upon them." 

Again : '* William Millard is head plumber to Mr. Worley, of High- 
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gate, principally supplied by water from the New River Company during 
the last five or six years. The water is hard, but not so hard as from 
the wells, which would eat away the bottom of a cistern in three or 
four year.«. The cisterns containing the New River water would last 
twice as long (from six to ten years). In one house in Highgate there 
are two cisterns supplied, one by hard weil-water, the other by raiu- 
water:«; the first is full of holes, though not quite through; (he rain- 
water cistern is no woi^e for use ; when last cleaned out was as good 
as new." 

Again : " William Hawkins, plumber to Mr. Short, of Kentish Town, 
has worked there for 14 years. The town is supplied from the 
Hampstead ponds three times a week during three-fourths of an hour 
to an hour. The action of this water on the leaden cisterns is to cor- 
rode them very much, making holes in them, rendeiing them leaky, 
and of no service without constant repair. The corrosion is effected 
by a white substance lefl at the bottom, which eats its way completely 
through the lead ; such a cistern must be constantly cleaned out ; if 
done so r^ularly, it may last six or seven years. The bottoms of these 
cisterns are made 6 lbs. to the foot. Such a cistern, if not taken care 
of and regularly swept out, would be eaten through in two years. Has 
seen many rain-water cisterns ; they might be affected somewhat iq 
twenty years, but, as far as his observations went, no sensible effect 
was produced. Has cleaned out many rain-water cisterns with much 
sediment at the bottom, but has always found them perfectly sound 
and free from corrosion. Has taken down leaden pipes for conveying 
rain water 40 years old; the lead appeared perfectly sound, presenting 
110 appearance of action whatsover. 

The evidence of these plumbers may be distinctly resolved into three 
facts : — 

I. That the hard waters of the Thames, New River, Grand Junc- 
tion, &c., will eat up the bottom of a cistern, 6 lbs. to the foot, in time 
varying from six to ten years. The water from the Hampstead Water- 
works much sooner. 

II. That the deposit of carbonate of lime from the waters of the 
rivers Thames, Lea, &c., does not afford any protection to the lead. 

III. That the evidence of these plumbers does not give within their 
experience one decided case of corrosion on rain-water cisterns. 

Observing these three results and remembering the small action 
upon lead of the Farnham soft spring water, we find the comparative 
erosion of the hard river waters supplied in London and the soft spring 
water at Farnham to be to produce bad corrosion in cisterns, as six 
and ten years to thirty-five years. 

As regards the action of the Thames and Lea waters upon iron, no 
further evidence is required than may be obtained by any one who has 
sufficient curiosity to see the operation performed of blowing off 
that which has lain in a " dead end," being thick and coloured with 
oxide of iron. That this occurs to a great extent is allowed by several of 
the engineers of the Water Companies. 

From the whole of the evidence obtained at Farnham and in London 
I deduce — 

I. That the comparative erosion of hard river waters in London and 
soft spring water at Farnham is in the propoiVioii ^ ^ \q\. 
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II. That tlie deposit from tbe liurd river waters affords no protection 
to the lead in cisleroa and pipeti. 

in. Thiit from l)ie pure nature of tbe Farnham and Hindliead soft 
spring wuters, and Irom the total abiience of carbonic acid gas, there is 
no hazard whatsoever of erosion in fully charged leaden pipes. 

I will now refer to the evidence of the different actions of hard and 
soft wulera upon lead, by Professors Tajlor and Brande, as given before 
(he Select Committee on the River Lea Trust Bill. I will first give 
certain portioD* of their evidence in full, and then, having condensed it, 
proceed to analyze their statements, as compared wiih the above facts. 

On the question being put to Dr. Taylnr, whether tlie qualities of 
pure water as detailed by the Board, in page 81 of their Report, would 
be represented in distilled water, said ;^" It would perhaps, with one 
limitation ; that distilled water, as it commonly exists, does not contain 
much air ; it is not much aerated ; and I think that the suggestion of 
having tlie waterentirety free from mineral and otht^r matter, and at the 
same time well aerated, is an impossible thing. I believe that to get 
weter thoroughly well aerated, we must have some of these materials in 
it to ccn^bine with carbonic acid. 

Again, qit^Btion put : — 

" And thai ""perfect aeration, according to you, is incompatible with 
the other quail ti^s-.;^resc rib ed here ? — I think i( is. We might give 
distilled water air by passing carbonic acid into it ; but I think that 
would be a very expensive process to supply 2,000,000 people." 

Again questioueo : — 

" It seeras that the question between hard and soft water comes to be 
a question between people's clothes and their health ? — -I should thinL 
so, certainly. We cannot have a water which- we should call whole- 
some without being what is sometimes called impure, if by impurity we 
consider the mixture of chemical ingredients with it." 

Committee : — 

" 76. Is it your opinion that this water, as described in this Re- 
port, coming through a leaden pipe, would in fact be pois'onous ? — I 
have not the least doubt of it ; nothing on earth should induce me to 
drmk such water. 

Answer : — " I must profess my astonishment that, with th'p know- 
ledge of a fact that anybody can ascertain in five minutes by triU, such 
a, recommendation may be given ; it would be most fatal to the^^wbole 
population." 

" 77. What do you mean by the recommendation given ?- 
commendation that these should he the qualities of the water sele^ 
I do not hesitate to say that it would poison thousands if water 
brought to London in that state." 

Again, answer to Question 86 : — 

" As aeration is laid down as an essential condition, I beg 
more you impregnate this water with air, the greater the danger; 
itself it will not act unless there be air ; so that >ve say, chemicall 
the cause of the poisoning is this — that it is nothing in the water, bf 
that the water forms a vehicle for dissolving out of the atmosphere i!' 
oiygen and carbonic acid, which it conveys to the lead ; and as far 
the lead takes it, the lead loses its substance, and so it goes on until tl^ 
trhoie lead is destroyed or the water evapOTB.tes," 
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P^e 18:— 

" As a general rule, in proporlion as water is soft from deficiency of 
s&line mailers, its tendency to becotne poisoned by lead is increwed. 
and a soft or pure water is therefore dangerous in proportion lo its 
degree of softness or purity. The water \mich would be most econo- 
mical for soap vrould iherefare cmterU paribiu be the most liable lo 
be impregnated with a poisonous salt of lead, and be therefore quite 
unfit for dietetic use. Theemploymentof such water for drinking would 
give rise lo the general diffusion of paralysis and colic>" 

Question 80, speaking of river Lea water; — 

" We say this water is excellent in ibis respect, that if supplied 
ibrough leaden pipes or cisterns it would be entirely free from auy risk 
of poleoning those who drink it. It is this powder (the saliue residue 
obtained by evaporation), in fact, which is the protection." 

Professor Brande, in answer lo question 193 : — 

" I should be extremely apprebensive of the consequences of bringing 
anything in the shape of very pure water — thai is, water not containing 
ceitain ingredients in certain proportions — into London through leaden 
pipes, or even through iron pipes." 

I have given the evidence in Professnra Taylor's and Brande's own 
words, that every one may judge for themselves as to the value of the 
prafessional opinions of these gentlemen in the question of corrosion of 
lead by hard and soft pure waters, I will now condense the evidence, 
as its meaning would be impressed upon my mind ; — 

That Professor Taylor declares ''that pure soft water well aerated 
is an impossible thing. That water, to be well aerated, must have 
some of the materials to combine with carbonic acid ;" in fact, 
*' that aeration of water is not complete without the presence of carbonic 
acid." " That water cannot be wholesome without being injured in 
(he mixture of chemical ingredients in it." " That the Famham water, 
proposed to be brought lo I^ondon by the General Board of Health 
through leaden pipes, would poison thousands, particularly if its qualitiei 
are socb as related by the Board: — 

" 1. Free from all animal and vegetable matter, especially matter in 
a state of decomposition. 

" 2. Pure aeration. 

" 3. Softness. 

*' 4. Freediuii from earthy, or, mineral, or other foreign matters. 

'* 5. Coolness in drinking. 

" 6, Limpidity or clearness." . 

" Thai drinking such a water as described above from leaden pip«a 
wonld give rise to the general diffusion of paralysis and colic." " That 
the deposit of salts of lime in the hard water of the rivers Thames, Lea, 
Ac, is necessary to afford protection to the leaden pipes." " That no 
action upon lead can result from the use of audi hard water as the 
rivers Lea, Thames, &c." 

Now having given first my own evidence of experience as u> ihe 
comparative erosive powers of hard river waters and soft spring Faruham 
water free from carbonic acid gas, and subsequently records of the 
professional opinions of Professors Taylor and Brande, before drawing 
my conclusions upon this subject I must congratulaie the public — 

1. On the fact that fortunately there are gentlemen of tYwiWiKA. 
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science who differ from Professors Taylor, Cooper, and Brande, whose 
opinions give the most one-sided view of the question I have ever read 
from men of professional reputation and research. 

\i. That their opinion as to the neceuity of deposit to afford protec- 
tion to lead is refuted by the experience of every plumber in London. 

III. That the excellent health of the whole population of Farnham, 
in successive generations from the year 1677, when the soft water was 
first led from the bishop's palace through a lead pipe to the town, utterly 
refutes the slightest foundation for the anticipated poisoning of thou- 
sands in London as predicted by Mr. Taylor. 

It would almost seem that Messrs. Tavlor and Brande have never 
heard of and certainly not seen the opinions on the Farnham spring 
water by some of the most eminent chemists in this coimtry in the 
Board's Report on Water Supply expressed by Professors Lyon Playfair 
and Way, and Dr. Angus Smith, gentlemen who devoted weeks of careful 
investigation to the subject and subsequently by Professor Taylor of 
Middlesex Hospital who is now thoroughly analyKing several specimens of 
the deep springs and whose report I shall hereafter lay before the Board. 

Before submitting my deductions from the evidence adduced on both 
sides I would refer to the opinions of Professors Cooper and Brande 
on this subject prior to those expressed before the Committee on the 
River Lea Trust Bill. 

I extract the following paragraphs from the evidence of Mr. Cooper 
before the General Board of Health, where, in giving his desideratum 
of water for domestic use, he states : — • 

^' I am free to confess that I take the Artesian -well water, such as 
that of Trafalfifar-square (which I have very carefully analyzed), and 
that also of Her Majesty's Mint, as the beau ideal of what a water 
ought to be for the supply of a city or town ; but as there are places in 
g;reat number out of the reach of such a supply, I can only then say, to 
take the water of Trafalgar-square as the standard of comparison and 
select that which approximates to it the nearest in all its qualities. 

Aofaiii : — 

^' It is nevertheless true that in an economical point of view, as 
regards the saving of soap, or extracting a better infusion from malt, as 
in brewing, or for the purposes of the tea-table in obtaining a better 
infusion in the tea-pot from an equal quantity of tea, a water containing 
the smallest amount of calcareous salts is to be preferred." 

Professor Brande, in an account of his analysis of waters proposed 
foe the use of Liverpool, varying in hardness from 1, 2i, 3, 4^, to 
9 degree*<, according to Dr. Clarke's test, states: — 

'Mn common language they are all very pure, and quite fit for 
domestic purposes." 

Referring now — L, to the analysis of the Royal Mint water by Pro- 
fessor Brande, and alluded to above by Mr. Taylor, we find that one 
gallon, on being evaporated, gave — 

1 * 5 grains carbonate of lime, 
12 '0 grains carbonate of soda, 
18 * 1 grains sulphate of soda, 
8 * 3 grains muriate of soda ; 
in all 39*9 grains of solid matter to the gallon, this water being pro* 
tab] J 2 degretz in hardness. 
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TI. To the waters proposed for the supply of Liverpool^ and shown 
to be 1, 2^, 3, 4i, and 9 degrees in hardness, it is seen that Mr. 
Cooper speaks of the Mint water as his beau ideal of water for domestic 
use, and economicfd in the consumption of tea, soap, &c. ; that Pro- 
fessor Brande considered the waters for Liver))ool to be very pure and 
quite 6t for domestic purposes. 

How is it then that both these gentlemen have so suddenly changed 
their opinion as to the desirable nature of water for domestic purposes? 
The spring water from the gathering grounds does not contain more or 
less calcareous salts than the Mint water and yet Professors Brande 
ftnd Cooper stated before the Committee on the River Lea Trust Bill 
that in making tea the hard river water makes if anything a stronger 
infusion than distilled or perfectly pure water. Professor Brande also 
must have remembered, when he decided on the fitness of water of 
1 degree lor domestic use at Liverpool, that this water must necessarily 
he drunk from the iron mains and leaden distributing apparatus existing 
there. 

That Professor Brande's opinion as to the fitness of the water for 
Liverpool wbs understood to be as I have quoted is evident, fur reference 
is made to his opinion on these waters by Mr. Simpson, one of the 
engineers of the Chelsea and Lambeth Companies, in a Report with 
Mr. Newlands, where he refers to the analysis and testimony of Pro- 
fessor Brande in favour of the superior softness of the waters proposed 
to be supplied to Liverpool, contrasting its advantages with the Thames 
water, varying from 14 to 17 degrees of hardness. It remains for Mr. 
Cooper and Professor Brande to reconcile these different opinions on 
the same subject to the public, who are at a loss to understand them. 

I now beg leave to submit the following deductions from the different 
statements adduced by the opinions of Professors Lyon Playfair, Way, 
Dr. Angus Smith, and subsequently of Professor Taylor of Middlesex 
Hospital; and on the authority of Mr. Simon, medical ofRcer of the 
City of London ; also by my own researches in confirmation : — 

I. I submit that the action of water upon lead is to a great extent 
due to the proportion of carbonic acid gas it may contain. 

n. That the pure soft spring water of the Farnham and Hindhead 
district is well aerated by atmosphere air, not by carbonic acid gas> 
which gas merely gives a more sparkling appearance to water but is 
not at all necessary for aeration. 

IIL That the soft spring water of the Farnham and Hindhead 
gathering grounds may, if considered desirable tor a short time, while 
the system of earthepware is being matured, be drunk from fully-charged 
leaden pipes without the slightest risk of injury whatsoever from erosive 
action on the lead. 

IV. That whatever may in course of time be the action of the soft 
spring water of Farnham on leaden cisterns exposed to the air, the 
same erosion is produced by the hard waters of the rivers Thames, 
Lea, &c., in one-fifth of the time. 

Much having been said about the action upon lead of some soft 

water at Claremont, I would point out that this water contains an excess 

of carbonic acid gas, and then proceed to relate a case of nearly fatal 

poisoning of a lady who drank much water from the lead cistern of 

. her house in Essex-street, supplied I believe by the h«cd ThajQ&jt^ 
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water. I ^ive the words of the medical gentleman who attended this 
ladv, and whose skill saved her lile. 

Mr. George Williams, atirgeon, Hampsteud, soys, "The followlD^ 
nre the faclH iif the case, to llie beet of ray rememhrance ; but 1 will 
shnrtly furnish a Btuiement cnrruborated hy tlie patient herself. 

" I rememlKT Mrs. William Cos, who cniisulled me on 28lh 
November 1846, as to the nature of the aickne»s she was then sulfering 
Irnm. I found Iter in bed, with the hands dmpped, legs and arms 
nttenuuied and perfectly useless, suffering (rom obstinate corxitipation 
and' severe colic. On evamining her mouth I saw the blue line on the 
margin a( the gtims. whith is distinctive nf poisoning by lead. She had 
been treated by medical men in London for rheumatism and other 
imaginary disorders, and only became worse when she removed to 
Hanipstead, when I was consulted. 1 immediately pronounced her 
case to be puisoning by lead, and, having prescribed accordingly, she 
recovered nearly perfectly, though very slowly. Her husband iittri- 
huted the attack to the water from a lead cistern in their residence in 
Essex-street, where ihey had resided. Had Mrs. William Cox con- 
tinued to drink this water she would have died shortly. 1 think 1 re- 
member ihst Mr. Cox, now dead, stated he had himself suffered much 
from the same cause," 

Haviog satisfied my mind as lo the probable action of the Farnham 
sol't water upon the leaden distributory apparatus of the metropolis, I 
de,emed it advisable lo sec in how fur my convictions would be borne 
out on inspection of (he towns which naturally or by preference have 
soft water supplies. Very many of l!ie principal towns in Scotland sod 
a few in England, prtncipdly in Lancashire, and already enumerated 
in the Report on Water Supply, partake of this advantage to healtli and 
purse. In no one instance did I find any other feeling to exist than 
tliBt of the warmest self- congratulation and thankfulness for the 
blessing they enjoyed. 

As to any inconvenience from the action of the pnre soft water upon 
the leaden distrihutory apparatus, while 1 say that, by the application of 
very fine chemical tests, the presence of lead in a few instances was 
perceived where water liad been long standing in cisteros, yet in no case 
did it occur or was there a single complaint when the same water was 
drawn from service pipes on the constant system. 

Aware that a mass of evidence on this subject has been collected by 
the Board of Health, I do not offer such as I myself gathered in ray 
tour of inspection, hut will only quote the tesiimony of the very expe- 
rienced foreman of the extensive tirm of plumbers, Messrs. Blaikie, in 
Aberdeen, and whose evidence is a fair sample of the whole : — 

"John Allan is foreman to Messrs. Bluikie, plumbers, Aberdeen; 
has been in the trade 36 years in this town and neighbourboud ; Messrs. 
lilaikie have nearly all the plumbing work of Aberdeen and the sur- 

mding country. The greater part of the town has been supplied 
with soft water from the river Dee for 25 years ; hss of course often 
taken up and repaired the leaden service pipes, but never remembers to 
have seen any corrosion or eating up by the water. 

" Old Aberdeen has been supplied for 20 years from a soft spring. 
The water is brought in a 1^-inch leod pipe from the spring-head to 
/Ae rown, a distance of half a mile. The spring-head is 2 feet square. 
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feet deep, and Ihe conducting pipe is laid to the bottom of the waterj 
ao that no air can enter ; this pipe ia as good as the diiy it was laid. 
The hard well waters of tills to«n act verj- much upon lead; bo 
much BO that the -ciBterns are made of lead 7 Ihs. to the foot, Ciiterna 
to contain the aoft water are miide of lead 4 lbs. to the foot. Hbb 
observed that rainwater cislems were not conoded unless allowed to 
Le dirty." 

In corroboration of thja witness's leetitnony were produced pieces of 
the leaden pipes 20 years in use, which internally were hs good as 
when first laid down. I may further odd, that on application to the 
phyBJcUn of the Infirmary at Aberdeen, aa to the existence of the lead 
oolic from drinking poisonous water, his experience was given as 

" In answer to your note of Monday lasf, I beg to alate that in my 
experience of nearly a quarter of a century, as a Dispensary or Hoapital 
physician, I have never seen a case of colic or poisoning from drinking 
water from the lead pipes. Such a disease was not known here even 
when our mains as well as the service pipes were of lead." 

Here then is a case of the use for a quarter of a century of perfectly 
pure auft water of under 2 degrees in hardness, conducted at first in 
leaden mains, and to the present day drunk from leaden service pipes, 
and yet in all that time no case of colic has occurred. 

It is very satisfactory (o know that a Government Commission of 
Inquiry has been appointed to investigation and elucidate this much 
ve^ed question. That the verdict will he favourable to ibe soft water 
cause I do not liesitate to assert, even although in oppoeition to the 
recorded opiniona of Professors Brande, Taylor, and Conper. 

I would congratulate the Board that the question is not whether 
the water of the gathering-giounds is or is not pure enough, but that 
the only ground of objection ia that it is too pure ; on this the chymisla 
are arrayed, the gist of the argument being that it is too pure to be con- 
veyed through the present leaden distributory apparatus; in other 
words, that according to the present Water Companies' witnesses, the 
existing distributory apparatus ia decidedly unlit for the conveyance of 
water of the purest quality. The procuring a suitable apparatus for the 
conveyance of Ibe purest water is then the real question at issue. It 
ia no longer a question for chymists or physicians but for mechanict, 
whether we cannot get a new distributory apparatus equally cheap, 
which shall be fitied for the conveyance of pure water. I am informed 
of instances already in which tradesmen have taken down lead cisterns, 
and put np slale cisterns in exchange. Under the system of constant 
supply, the cialerns themselves will he entirely superseded. 1 am 
further informed that tradesmen will be ready to take away the exist- 
ing lead and put down glass service-pipes in eschange for the lead of 
the existing cisterns and service-pipes but 1 rely upon Roman and 
other experience that earthenware may be substituted with great 
economy and advantage. With respect to the iron mains, tlie pipes in 
Manchester are protected by Dr. Angus Smith's enamel, and coat froia 
one-half to one-third of the price which the Water Companies in London 
paid for their early iron pipeage, which the evidence of Professors Taylor, 
Cooper, and Brande would lend to show now to he quite unnecessary. 

In conclusion, I would remark that, wheteaa it w Vot towv-j ieMR«s». 
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denrable lo change ihe lend pipes for earthenware as early aa jbk- 
ticable, experience of facia justiBpa me in aasfrting as undeniable, that 
meanwhile any danger to the inhabiianta of the metropoiis arising from 
the action of water upon lead will, by rlianging the source of the 
supply from the preaenl hard waters of the nvera Thnmes, Lua. &c., 
to the eoft spring water of the Farnham and Hiiidhead galheriiis 
grounds, propnsed hy ihe General Board of Health, be protracted . 
from complete destruction of ihe bottom of a leaden cistern from a perioa 
of 6 jeara to 35 years. 
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-waters, I was anxious that the accuracy of my statements should be 
tested, and therefore determined to obtain the opinion of some pro- 
fessed chemist. Aware ihiit Mr. Thomas Taylor had already been 
engafjed on this matter by the medical officer to the city of London, I 
requested thai gentleman to undertake some furlher analyECH of the 
sort spriuga; and the following letter gives the results of his ii 
gation :— 

To the HoTKiurabh William Napier. 
Dbar Sir,— Shortly after the publication of the letter which I had 
the honour of addressing to Mr. Simon, the OfScer of Health to the City 
of London, and which is contained in tliat gentleman's Report on the 
Sanitary condition of the City, you requeatcd me to make u more ex- 
tended investigation aa to the chemical composition of the waten found 
in the sandy district around Faruham and Bagshoi, lo examine into 
the actiun of those waters upon lead, and to give a general opinion as to 
their fitness for domestic purpijses. 

The following Report contaius Ihe result of my inquiries. It is, I 
regret to say, somewhat less complete than I could have desired. Thia 
haa arisen from a variety of causes, with some of wliich you are already 
acquainted i but the prmcipal difficulty has been caused by the extreioe 
purity of the waters to be analyzed, which reiideretl a rigid quaotitativ* 
estimaiioa of their constituents a matter of considerable difficulty, utkleaa 
a quantity of water were used, larger than it was in our power at the 
time to collect. It is on this account that I have given only general 
ataiements aa to the composition of many of these waters, for, wilh 
whatever care the process may be conducted, I have but little confi- 
dence in the accuracy of numbers derived from the analysis of one or 
two gallons of a water containing several solid coustituents, the toirf 
amount of which does not esaeed three or four grains, Jn cimductii:^ 
these experiments, I have been assisted by my friend and colleague Mr, 
C. Heiacb, the analysis of the Wishmoor Bottom water, and most of tlvB 
qualitative examinations, having been made by that gentlemai 

The general features and the geological characters of the urea ok 
Surrey, from which it is proposed to draw the supply of water fur ltt( 
Metropolis, have been so trequenlly described as to require no remai^ 
from me. For facility of reference it may be divided into a nnrthern sad 
a southern portion, according as it lies north or south of a long range of. 
cha)]i hills, called the Hogsback, the general direction of which ia nearly 
</ue east and west. 
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Conmencing with the springs south of the fiogshack, which afford 
(he bulk of the proposed supply, I have exaiained the water from the 
jfollowiog places, — ^Witley, Haslemere, Downlands, Critchmere, and 
Headly Down. 

Ist. Witlejf. — In the village of thif name there are several large ponds 
ealled Sweetwater Ponds. These ponds are supplied by springs rising 
from their bottom, and also from several small springs adjacent to them* 
From one of the latter, the water of which has been carefully collected 
in a small bricked well by the Rector of the parish, in whose ground it 
rises, the present sample was taken. 

If a perfectly clear and transparent water, with a total absence of 
flavour, but leaving a cool refreshing impression on the tongue, may be 
called sweet water, this water deserves its name. 

An imperial gallon of the water, when evaporated to dryness, left a 
residue which, dried at 230° Fahrenheit, weighed 4*40 grains. The 
residue was of a faint yellow colour, attracted moisture from the air, and 
when calcined gave but slight indications of organic matter. Another 
portion of the water mixed with carbonate of ^oda, evaporated to dry- 
ness, and the residue heated red hot, gave 3*32 grs. . ! 

The following tables illustrate the composition of an imperial gallon 
of this water. The first table expresses the quantity of each constituent 
actually fouijid in the water, without reference to its raodeof combination, 
while the second shows the manner in whiph the constituents are pos- 
gibly combined : — 



1. 

ChkMriM 0*53 

Sulj^uric acid 0*31 

Linit 0*48 

Magntna 0*15 

FlDlM 0*14 

^da ..•,».•• 0*67 

Silicipacid 0*61 

Nitric acid uDdet^rmined. 

Organic matter • . • • • trace. 



9i 
Chloride of calcium 
Chloride of magnesium 



0-^0 
0-^ 



Sulphate of lime 0* 

Nitrate of magnesia • • • • 

Nitrate of potass 0' 

Nitrate of soda » ^ • • • 

Silicate of soda 1 ' 

Organic matter .... 



12 
30 
4d 

ID 

trace. 
3tl3 



The qufintity of water in my possession was not sufficient to enable 
ine to determine the amount of nitric acid. I have therefore placed 
Ihe loss to the account of nitric acid. This analysis is therefore pro- 
bably not quite correct in its estimation of the amount of nitrates, but 
time did not permit me to make any further examination of the water. 

The hardness of this water as determined by the soap test, distilled 
W|iter being ti^ken as unity, = 3*2. 

2nd. Haslemere. — ^The spring from which this water was taken issnes 
from the foot of a low sandhill, and is received into a natural basin about 
four or five feet in diameter, from which it flows into a moderate-sized shal- 
low pond. The water is perfectly clear and brilliant, it has no appreciable 
taste, but leaves a soft, agreeable impression upon the tongue. When 
mixed with a solution of chloride of calcium, to which ammonia has been 
•ddedt there is not only no turbidity produced, but, even after the mix- 
ture has stood for many weeks in a closed bottje, not the slightest depo- 
sition of carl)ona^e of lipafi can be perceived. Consequently this water 
is very nearly, if not absplutely, free from uncoml^ined carbonic acid, a 
rulher remarkable fiact, and one which I have since found to be the ca«^ 
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in other walern from the same diatricl. As far as I i 
the non-existence of carbonic acid in mineral waters 1 
remarked by cbcmistB. Hurdiiesa, dittilled water being t: 
= 2-6. 

An imperial gallon, evaporated to dryneta, lell a reiidue which dried 
at 230' Fabr., := 5-58 gri. This residue was nearly white ; when heated 
red hot it charred Blightly, but quickly resumed its original whiteness. 
The quantity of organic matter ia therefore very Bniall. 

Another portion of the water evaporated along with carbonate of soda, 
and the residue calcined, gave 422 of solid matter in the imperial 
gallon. 
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CblDTin 


. . 0-ei 


SuluhDric >ci(l . ■ 


. . 0-47 




. , o-e9 




. . 0-15 




. . O'li 


Hod. 


. . 0-94 


Silicic Kcid . . . 


. . 1-25 


NilricBciil . . . 




Or^iic miLtler . . 


. . do. 



m])erial gallon of'this water was found to contain : — 



Qiloride of ca 

Clilmidenfm 

lphar< 



Chliirlde of sodium 



I 



k that such 
) experimental evidettce 
1 with the earthy bases. 
iged the conatiluenta of 
id table, although, of 



An analysis of this water was published by me in Mr. Simon's Re- 
port, already alluded to. With the accuracy of that analysis I never 
iett quite satisfied, partly on account of the smull quantity of water on 
which I had operated, and partly, because [ suspected (hat the German 
glass vessels employed by me, yielded up a portion of their substance 
when water as pure as this was evaporated in them, a fact which I have 
since aaceitained beyond all doubt. 1 determined, therefore, on the first 
opportunity, to re-aualyge this water, especially as I had aiso some doubts 
whether the lime really existed in the water in the state of carbonate of 
lime, aa ia u^^ually stated in the published analyses of Farnham waters. 

The experiments 1 have recently made indi 
ia not the case; or, at all events, I cannot obi 
of (he presence of carbonic acid in comliinai 
For the following reasons I have therefore ar 
the water in the manner expressed in the 
course, other modes of combination might he suggested. 

1. Tiie residue left by the evaporation of the water is deliquescent, and 
the addition of a small quantity of water extracts nearly the whole of 
the earthy salts. 

2. The insoluble matter left after the residue has been washed -with 
water, does not effervesce on the addition of an acid. 

3. That the potass and soda are in combination with silicic acid is, I 
think, rendered probable by the fact that the quantity of earthy and 
alkaline bases is more than sufficient to combine with the whole of the 
chlorine and sulphuric acid present ; and also, that, when the water ia 
evaporated to a small bulk, it manifests an alkaline re-agency. 

3rd. Downlauds. — This sample of water was taken from a small 
spring, called Wagner's Well. It is situated close lo the road at ibe foot of 
a wooded hill, abi^ut a mile from the " Seven Thorns " inn, on the Ports- 
mouth Road. The well itself is a shallow basin, of about five feet in 
diameter, aaS about two feet in depth. From the whole surface of the 
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bottom of ihe well the water riaes, and, although ihe apparent- qunntity 
is not lai^e, it is consianlly flowing, and has never been known to dry 
up, even in <he hottest Buinmer. 

The water is perfectly clear and transparent, inodorous, hasi no per- 
ceptible taste, and does not deposit any solid matter on standing. As a 
drinking water it is much admired by the people in the neighbourhood, 
and its sensible and chemical characters fully justify its reputation. 

An imperial gallon, on evaporation to dryness, left a solid while 
residue, which dried at 230*^ Fahr. =4-76 gra. When heated red hot 
the residue became slightly charred, quickly resumed its while colour, 
and weighed 3-8 grs. Of this 0'18 gr. consisted of silica, the remainder 
of the chlorides of sodium, potassium, and calcium, with a small [[uantity 
of sulphuric acid, magnesia, and a trace of oxide of iron. Hardness, as 
compared with distilled water taken as unity, 3-8. 

4th. Crifckmere. — Owing to an accident which occurred during the 
esamination of this water, I am unable to do more than give a general 
etatement of its sensible qualities. To the eye it is bright, free from 
floating matter, and deposits nothing on standing. To the taste it is 
agreeably soft and flavourless, without being vapid. It contains less 
than 5 grs. of solid matter in ihe imperial gallon, and the residue left 
by evaporation contains but a very trifling quantity of organic matter. 
Hardness, distilled water being unity, =^2'&. 

The spot from which this water is derived is the shoulder of a small 
bill, OT rather ridge of meadow land ; the surface of which, for a con- 
sidersble extent, is rendered quite soft and spongy by numberless small 
streams of water issuing from it. From this source a very considerable 
quantity of water might be obtained of a most unexceptionable quality. 

5th. Headly Down. — This water was taken from one of a series of 
springB which rjec at the bottom of a small valley that runs along a 
range of Ifw sandhills. 

It is a remarkably pure water, being perfectly free from dissolved or- 
ganic matter. It is bright, almost brilliant, without the least per- 
ceptible taste, but agreeably soft and refreshing. 

An imperial gallon left, on evaporation, a residue of 3-21 grs., which 
was perfectly white, and did not become at all charred when heated 
red hot. In its general chemical characters the water re^emhlea that 
from Wagner's Well, but no trace of iron could be detected in it. 
Hardness, distilled water being unity, =^2. 

Of the waters north of the Hogsback, I have examined samples from 
Wishmoor Cross, Bagshot ; also from the springs at Minley, and from 
Baker's Bridge. 

6th. Wishmoor Bottom, Wishmoor Cross. — This specimen of water 
was taken from a small swift running stream which runs through East 
Hampstead Heath, It was perfectly clear and transparent, but when 
concentrated by evaporation to about batf its former bidk acquired a 
distinct yellow colour, and had a slight taste of vegetable matter. 

The following analysis was made by Mr. Heiscb. An imperial 
gftllon evaporated to dryness left a residue which dried at 300" Fahr., 
^ 3'93, The residue from another imperial gallon, when healed red- 
Iiot, = 2"985 prs. The residue became very black when heated, burnt 
with flame, and evidently contained organic matter, 

By aaaJytia an imperial gallon gave— r 
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. . . 0-39 


Ma^naU . . . 


. . . 0-06 


Polau .... 




Sods 


. . . 0-91 


Alumina .... 


. , . fl-04 


Oxide of iron . . 


. . . 0'2D 


Silica .... 


. , . 0-03 



flhluH 


en 














■urliam . . , 


Carbo 




ornrxe . . . 


Carb.1 




of nagneiia , . 








Alum 






Silicat. 


of 


•oda .... 



Chloride of caleii 

■8-74 

7th. Minley. — This mter was collected from one of the numerona 
shftUon flireams which interaect an eztensife marah contaiuing several 
large ponds. , 

The Water was slightly opalescent, and had a faint yellow tint, 
which became very distinct when concentrated by evaporation. On 
Btanding, Bmall ochreous flocculi of organic matter and oxide of iron 
were deposited. It had a weedy taste. 

Hardness, distilled water being unity, ^1'9. An imperial gnltnn, on 
evaporation, left a residue of S-43 grs. when dried at 300" Fahr., 
which by ignition became black, and burnt into a white residue slightly 
coloured by oxide of iron. The reeidue weighed 4*56 grs. Of this 
residue 2' 14 were soluble in water, 48 in muriaiic acid, and 1-31 
remained insoluble. The aqueous solution contained the ehlorides of 
Budium, potaasiiiDi, ciilciiim, and magnesium, with the sulphates of 
those bases. The acid solution contained sulphate of lime, elumiiia, 
oxide of Iron, and a trace of phosphoric acid. 

Although the quantity of organic matter in this water is not numeri- 
cally greater than is stated In be contained in Home samples of Thamea 
water, yet the colour and the taste of vegetable matter which tikis water 
possesses would preclude its being used for economical purposes, 
unless it could be obtained free from those inipuriiles. Its opalescent 
apiiearance was perhaps accidental, as a large i]uantity of rain had 
fallen during the night previous to the morning on which the water 
was collected. 

8th. Baker's Bridge.— The water you sent nie thus labelled is moat 
remarkable on account of its extreme purity. An imperial gallon, 
when evaporated, left a residue of a slight yellnw colour, which, dried 
at 230° Fahr., amounted only to 1'40 grs. Although 3 gallons n{ the 
water had been received for the purpose of making a qiiantitaUve 
analysis, I was obliired, on account of the small quantity of Its aolid Con- 
stituents, to abandon the attempt. The solid residue consisted of the 
chlorides of calcium and sodium, the sulphates of those bases, and a 
small quantity of organic matter. The presence of iron could not be 
detei'ted. 

Hardness, distilled water being taken as unity, : 

Table exhibiting the relative hardness, and also the amount of solid 
matter, in an imperial gallon of water from the following places : — 
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Hulemeie 
Downlinds , 

Crililimen) 
Headlj Down . 
Wiabmoor Bullom 



at 330- PihcaDlwic. 
4-40 
S'98 
4*76 
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It will be» I think, Bufficiently evident, from the above analyses, that 
the waters from Haslemere, Witley, Critchmere, Headly Down» Baker'i 
Bridge, and Downlands, although slightly differing from each other in 
their chemical composition, are possessed of one common character, that 
ef extreme purity. 

The average quantity of solid matter in an imperial gallon of these 
waters does not exceed 3 or 4 grains, while the very .best of the water at 
present supplied to the metropolis contains at least 1 7| and frequently 
rises to 21 grains in the gallon. 

Taking the analyses by Messrs. Playfair^ R. and J. A. Phillips^ 
dark, and Ashley, of Thames water from Henley to London Bridge^ I 
ind the mean quantity of solid constituents in the gallon is 21*75 
grains. 

If freedom from any excess of saline or earthy constituents, oxide of 
iron, or organic matter, perfect transparency, with a total absence of 
any perceptible flavour, but leaving a soft, cool, and refreshing impress 
sion on the tongue, indicative of sufficient aeration, are to be considered 
the desirable characteristics of a good drinking water, these waters 
possess those qualities in an eminent degree, while their not giving any 
deposit upon being boiled, together with tiaeir increased solvent power, 
renders them peculiarly fitted for all culinary and manufacturing pur<- 
poses. ' 

To railway proprietors and others employing the motive power of 
steam, water like this would be most valuable, as it is more than 
probable that the boiler of a locomotive engine, supplied with such 
water, would not require cleaning as long as the engine itself lasted. 

With regard to the water from Minley and Wishmoor Bottom, I 
cannot think that either of them is 6t to be used. It« milky appear* 
anee gives an unsightly look to the former^ while the quantity of 
organic matter both contain, together with the presence of -rs-vWr 
part of oxide of iron in the water from Wishmoor Cross, renders the 
wte of these waters objectionable. 

It is, however, to be observed, that both these waters were taken from 
brooks some miles from their source, and that the vegetable matter is 
evidently derived from the moor through which they have flowed. 

This, among many other fitcts^ clearly shows the necessity of strictly 
iittending to the plan proposed, of collecting the Waters at their very 
source^ before they have had time to become contaminated with the 
various saline and mineral ingredients of the soil ; and it is on this 
account that you have, in my mind, very wisely rejected from your plan 
the streams, poels, and other large collections of water so profusely iBeat«- 
tered over the district. 

But even were it shown that the water from Minley or Wishmoor 
could be obtained sufficiently pure, these sources of supply might be 
safely set aside, since it has been satisfactorily proved in the Report of 
Mr. Rammell, that the entire ascertained supply is very far above the 
requirements of the metropolis. 

While upon the subject of eupply, I cannot help remarking that the 
quantity of water at present issuing from many of the springs might, 
in all probability, be much increased were the ground excavated, so as 
to form a shallow well from 10 to 20 feet in diameter, carefUlly steyued 
round with stones or well vitnfied bricks. In thia m.av\tie,t i V^^Uam^^ 
$har much of the water would be coWeett^ ^>Ea(i\h ^mT^A. ^\sKv^^ 'i 
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ns.A'j vent, now Hlenh itiBciisilily awny ihrougli hidden chi 

The experiment might be tried at a' very trifling cost, and Wagner's 

Well at Dowiilanda appears to me an eligible cpnl for the trial. 

We have been %a lung accustomed to the use of a comparatively bard, 
impure, and frequently a dirty water, that many persons cannot imme- 
diately perceive the great difference that ciiHts belweeu the present hard 
and the jirnposed soft water supply. Such pEracms are disposed to 
exclaim, when the subject is broufi^'ht before their notice, that, although 
it may b« quiti^ true that the Surrey water is the best, yet that the 
other is sufficiently t;nod tar all purposes, and has served ihem for a 
very long time. But let these persons have placed before them, for the 
sake of comparison, a glass filled with water from both sources, and I 
will veniure to assert that the most prejudiced will al once admit tltat, 
even supposing they are equally salubrious (a matter which admita of 
much doubt), it is worth a very considerable ex)>enseof timeand money 
to make the eitchange of a wa1«r which, if unaltered, as ii frequently 
the case, is either turbid or opalescent, and the taste of which, if not 
positively unpleasant, is flat and iinrefreshlng, for one that is bright to 
the eye, coul, soft, and refreshing to the palate. 

When also lold that ihe cool bright water contains but 3 or 4 grains 
of solid matter in the imperial gallon, and may be boiled down to a 
few ounces without depositing any sediment, while the other water 
canuol be heated without liecoming milky, and if boiled for an hour or 
two deposits 10 or 12 grains of earthy matter from each gallon ; and if 
to this be added, that the avera^'e hardness nf one does nnt exceed S'5', 
while thit of the other varies from 12' to 15 , 1 think they must admit 
that there are great and cogent reasons for no longer permitting the 
largest, wealthiest, and most densely populated spot on the face of the 
globe to be far inferior in its supply of that most necessary element of 
life — pure and undefiled water — not only lo some of our own towns, but 
even to that of many coniinental cities both of ancient and modem times. 

With regard to the action of ihese waters upon lead, I have made 
the following experiments, which I wdl first briefly describe, and aficr- 
wards drsw such conclnsions as iheir result appeire to warrant. 

Pieces of sheet-lead, exposing about twenty-otie square inches of 
surface, were scraped bright, and placed in boitles completely filled 
with water from Witley, Haslemere, Baker's Bridge, and Wishmoor 
Bottom. The bottles were secured by good-fitting stoppers, firmly tied 
down, so that access of Htmospheric air was wholly excluded. 

Similar pieces of lead were likewise placed in bottles, the mouth of 
the bottle being left open, and the lead only partially immersed in the 
water. These experimenis were made in order to illustrate the differ- 
ence of action that takes place in leaden pipes supplied with water on 
the constant and on the intermittent system. The lead was placed in the 
bottles on the 7th January, and the water examined on the 19th A|iri!. 

Witley. — Lead whollif immersed, and air excluded.— \ftei the lapse 
of five days the lead became uniformly coaled with a thin white uo- 
crystalliue film. A( the termindtion of the experiment the film had 
not apparently increased in quantity, and no deposit of carboiiale or 
oxide of lead was to be perceived at tiie butmm of the vessel. The 
water, on being carefully tested with sulphuretted hydrogen, in the 
presence of Mr. Heisch, and with every advantage of light, &e., did not 
exhibit the elighteat trace of lead. 
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Lead partialli/ immersed, with access of air. — After the lapse 
of fuur days the immerged portion of the lead hecame coati^d in the 
raautier just described. At the expiration of a week a. alight uncrystHl- 
line deposit was observed at the bottom of the veastl, and, when finally 
esamiried, the bottom of the vessel was sprinkled over with minute 
cryetala of cftrbonate of lead. Salphuretted hydrogen produced a very 
slight discolorizHtioii of the water. 

ffaslemere, — The sclion of this water upon lead is iiearlj similar to 
that from Witley. 

Baker's Bridge. — Lead wholly immersed, and air ei^cluded. — 
Af^er having been immersed a week the lead was of a dark colour, no 
deposit w.is to be perceived on the bottom of the vessel or opoii the 
lead itself, but, after the expiration of another week, cr^'stals of car- 
bonate of lead partially coaled the surface of tlie lead. At the expira- 
tion of the experiment the whole of these crystals did not probably 
exceed 1-lOlh of a grain in weight. With sulphureiled hydrogen the 
water became so faintly discoloured as to be just perceptible. 

Lead partially immersed, with access of air. — In two days the 
water became milky, and rapid formation of carbonale of lead took 
place, so that, when finally examined, the entire bottom of the vessel 
was covered with a deposit 1-IOlh of an inch in thickness. The super- 
natant water, when carefully decanted but not filtered, gave not the 
slightest indication of lead when tested by sulphuretted hydrogen. 

Wishtnoor Bottom.— Lead wholly immersed, and air excluded. — 
Lead coateil in spots with a while film — no deposit. Sulphuretted 
liydrogen produced a slight discolori nation. 

Lead partially immersed, with access of air. — F«-y slight deposit 
<if carbonale and oxide of lead. Sulphuretted hydrogen produced a 
slight di^icolorization. The preseJice of iron in this water renders it 
doubtful whether the discolorization miglit not be owing to that metal. 
Downlajtds. — Lead wholly immersed, and air excluded. — After the 
lapse of twelve weeks, not the least sign of lead produced by sulphu- 
retted hydrogen. The lead coated with a while uncrystalline film. 

Action of the water upon old leadejt pipes. — To ascertain whether 
these waters would, if transmitted through pipes already in use, dissolve 
any portion of the wliite crust of earthy matter and carbonate of load 
which lines the interior of such pipes, a certain quantity of each water 
was kept for a week closely corked up in short lengths of an old pipe 
that hud served for many years as the exhaust pipe of a hard-water 
well, and hnd become much corroded. Tlie same experiment was al^o 
tried with pipes which had served for the transmission of liard river- 
water. In nu instance could I detect the presecice of lead in solution. 
The result of these experiments tends to show that the above-men- 
tioned waters, with tlie exception of the water from Baker's Bridge, 
exert hut a very moderate action upon lead, even when placed under 
circumstances best adapted to favour that action. Also, that this action 
is materially diminished, though not absolutely prevented, by shutting 
out the access of atmospheric air. 

The latter fact is strikingly shown in the case of the water from Baker's 
Bridge, which, when free to the air, oxidizes lead nearly as rapidly as 
distilled water ; but when the air is excluded the formation of carbonate 
of lead ie exceedingly small, as will he seen \>-^ \tSxxKMai. \t> '^^ b.-o^^\- 
HBcni jaat rehted. These facts prove asLUtfactotA^ v'at, -&'sc«i»-^'^ '^ 
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Iteepiug the pipes always charged with water, or, in other words, it 
forniB an additional argument in favour of lUe adviuitages to be derived 
from a cunstant iiver an iDlprniitleut supply. 

It is aUu to be ubierved that the lead is rareW dissulved in the watery 
font eiiats difiused through it in the form of tliin sliiniiig scales or of a 
dense white powder. This is s general fact, and 1 have repeatedly con- 
vinced myself that the presence of lead cannot be detected by buI- 
phuretted hydrogen in water that has been carefully decanted from a 
very copious daiiosit of CBrbiiniite of lead, even when pure distilled 
water has been the subjeit of trial. 

Filtration of the water, prior lo use, would therefore absolutely 
deprive it of every panicle of lead; and if the tillering material were 
animal charcoal, or burnt bones, the whole of the lead would be ab- 
atractt'd, even it' (hat lead were present in a stale of actual solution. 

Although desirous of expressing myself guardedly us lo the pos- 
sible eltect that mi^ht be produced on the health iif the coOimuuitj 
by the ute of these soft waters when conveyed through leaden pipe*, I 
cannot e.imc to any other conclusion but that the formation of carbonate 
and of hidrated oxide of lead takes place so sluwly in pipes kept con- 
stantly charged that no danger would arise. Every observation I have 
made cun5rms this view ; and if we turn from the experiments of the 
laboratory and appeal to those practically made on the large scale in tbe 
towns of Aberdeen, Farnham, and in many uf tlje towns in Laneaehire 
and Ckesliire, whose inhabitants have been for many years supplied witb 
■otl water conveyed by leaden pipes, we find, from the evidence ofcoKi- 
uelentand impartial ubscrvcTB, that not the slightest detriment to the 
health of the inhabitauts has been experienced. This, to my iniiid, liirms 
the most unobjectionable teat to which the matter can be subjeeied, and, 
if the Etalemeut be correct, must be conclusive. Dr. j. Smith, in a 
paper recently read liefure the Chemical Society of London, has etated 
that in m»ny instances he could not detect lead in the soft water sup- 
plied to the town of Aberdeen, while in other eases lead was delected in 
quantities varyiii^^ from -,^, of a grain to ^^ of a grain in the gallon ; 
■nd he conchides, that water containing less than Vir of a grain of lead 
in the irallon exert« no deleterious influence upon the animal economy. 

It must not, however, be supposed that Thames and other hard 
river-waters have no action upon the leaden pipes and cisterns in which 
thay are contained. Contrary to all preconceived notions upon the 
subject, 1 have cotistantly found carbonate of lead in the sludge depo- 
sited by these waters. Hard well-waters eiert a still greater action 
upon lead, as is shown by the rapidity with which cisterns containing 
such wa er are frequently eat into holes or otherwise eroded. 

Upon these and some other points connected with the action of 
water U^on lead, I am at present engaged in a strict investigation. I 
have arr ved at the general fiict that, under ordinary circumstances, 
all natural waters act upon lead with formation of oxide and carbonate 
of lead ; but that the amount of action varies considerably, and depends 
upon extraneous and accidental circumstances. 

Such being the caae, it is much to be desired that even the possibility 

nf danger should be averted, by abandoning lead altt^ether as a material 

for storing or conveying water. For eistenis (if cisterns are neeessaTy) 

alate forms an excellent lubstitute ; while for pipes, iron lined with a 

-vitn6ati/e eraat, ot with the hmd and Wry AvaabVe «ntB*v*ife<Ai*»t I 
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metal acquires when it is brushed over while heated red hot with Hoseed- 
oil, would furnish a material which, as rei^ards economy, strength, 
cleanliness, and salubrity, would fulfil every desideratum required. 

1 have the honour to remain, 

Dear Sir, 
Your very obedient servant, 

THbM AS Taylor, 

4» Vere-Mireett Cavmidish^uars, Lectarar on Chemistry at the Medical fifchool 

April 2ith, 1^51. of the Middlesex Hospital. 

VI. 

Some Remarks on a Report from Mr. Rowlandsom, pitblii&ed 

BT THE New Ritea CoMi»AMY. 

The New ftiver Company have issued a report on the soft-water 
sources, by Mr. Rdwlandson, ati etigineet, employed, a^ h^ states, 
" to examine the district, and rfeport {reneraily on the nature of the 
scheme.*' 

Having carefully read this papbr, I think it right to anSWer thofee 
of the objections advanced as appear sufficiently plausible ib cause 
doubt to be thrown oh the practicability of the proposal to ado^t the 
soft spring-wati^rs of Farnhalh and Hindhead for the ftiturfe souhcfe of 
8um)ly of the metropolis. 

The points of local Investigation in this qu^stiort, that strictly Concern 
ati. engineer, are twofold, atla may be thus fei^pressed :—^ 

Ist. Is the water of the quality intimated in tny Arst paper ? 

fend. Do the springs yield the quatitity stated ? 

1*0 6uch statements in the Ne^ Rivfeir Report as would appfeat to 
answer these questions in the negative, I would request the attentioti of 
the General Board. 

Mr. Rbwlandsoti's itiethbd of analysis o^ the quality of the spring- 
water is strange indeed, ahd iiot very indicative of any Wish to obtain a 
knowledge of its chenlical character*. 

1 will now give extracts fVom pages 15 to 19, which ate devoted to 
the consideratibil of quality. 

Alluding to Bagshot Heath district : — 

'^ The springs on this district are sometimes faintly coloured With 
decayiiig vegetable matter.** 

•• The springs which issue at thfe margiti of these sands, owing to the 
Watet coming in contact with the London clay, frequently possess a 
t'halybftate taste.'* 

Alluding to the water from the greetisaud : — 

** The general character of the water procurable froM the j^r^Adand 
district is of much better qu^ity in appeatanca than that wnich can 
be obtained from the Bagshot sand. On the greensahds itit peaty 
auriace is geueraliy intermixed With a slight amdUUt of clay, which 
teiids to permit the water to flow of clearei: thah it is usually i'bund 
fVoiti peaty surfaces." 

** Sweet-water Pond is the fhost unfavourable specimen Which I saw 
in this district.'^ 

'^ ^he flnefitileatu at Bramfthotfd objeetibhable on account of it^ being 
Sid ttiuch used as an ilrrigant, which glvea \\. \\xfe cJfcksS^^^X <^ «<$KS!CjJr\ 

''J believe it will be found, that the avw^L^^ ^^^.«^ ^^^ ^'*' ^^^xsr 
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Cirdimstaiitialwii tif the Original Statemeitt 
II be about .1'' 




[id district will be about .1'' to 6° of hanlness, which will be increased 

dry seasnnn lo frnm 10' to 12°. It will perhaps be a fair eslimale 
to set the wnlere fri'in the gieensaiid at one-half ihe hardness of the 
Thames waltr; if the water is obtained much softer in any particular 
spol on (he greensand, it will be found m arise from an admixture of 
peat, or bein^ tai^ly diluted with rain water ; in other words), surface 
waahinps, not springs." 

Mr. RowlandsoD'B condensed analysis appears then to be a Bimple 
record of his own opiniim that the Bagshot spring-water is ppaiy, and 
poBHessea a chalybeate taste; while that from the greensand, though 
better in qiiulily, is, at a fair estimate, of one-half the liardnesfi nf 
Thanies water. 

I might answer, that mere assertions are no evidence, ami could 
adduce, in opposition, my own chemical esaminatioiis and quantitative 
HualyslB of the water; but, fortunately, the public haie it in their 
power to test the value of such statements by referring to the published 
decision on this point of the Cily medical officer, in bis Report for 
1S49-50. Turning lo page 68, 1 find the following testimony : — 

" I have spent three days on the site of the proposed sources, and 
many other days in informing myaelfon all the bearings of the subject. 
I have likewise collected water from a proposed tributary of the future 
supply, which has been analysed, and which shows (as my Appendix 
will illustrate to you) a remarkable and rare excellence. On one occa- 
sion of visiting the country, I was accompanied by Mr. T. Taylor, and 
we made on the spot a sufficient jmmber of extemporaneous examina- 
tions to assure us that the essentiiil features shown in the more elabo- 
rate analysis are (as geological considerations would lead ns to believe) 
the genera] character of water throughout the district." 

Such is Mr. Simon's opinion. 

In the Appendix quoted, Mr. Taylor, the professor of Chemistry at 
Middlesex Hospital, gives the hardness of the waters examined (taking 
distilled water at unity) at Haslemerc 2 4', at Boorley l-5°, aud at 
Baiford 2-4°. Reducing this scale to that of Dr. Clarke, viz., taking 
distilled water at 0, the worst specimen is 1'4°, and the best half a 
degree of hardness, thns verirying my own experiments. I therefore 
re-BSsert, with undiminished confidence, that the average hardness of 
the soft spring-water, if taken from the source, will prove to be one 
degree, or l-15th, instead of half that of the Thames. The prophecy 
of the hardness being doubled during the d<y ue-ither will not be 
realized; for my own and Mr. Taylor's examinations were both con- 
ducted during the autumn, aHcr ari unusually hot and ruinless summer. 

Mr. Bowlandson's remarks and observations show that he did not 
examine, at their suurcex, the sprinp indicated and selected; for, at 
their sources, in no one instance are they lo be fimnii either peaty or 
chalybeate. It dues seem uiiacconn table th»t the pond of the Sweet- , 
water stream should have been examined forquahiy when the feeding 
springs, whose clear and sparkling waters are the admiration of the 
whole country round, are situated at the head and tail iifthe pond, and 
could scarcely have esca])ed the eye of any but the wilfully blind. ] 

Mr. Ruwlandson's knowledge, however, of the character of this 
wilier unconsciously slips out al page 8, where he says, " there ore 
mnie very fine springs which fall into this utream adjoining Mr. 
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Chandler's residence." That genlleman's house may be about two or 
three hundred yards distant from the pond. 

The Btaiemeul Ihat any solier water than 5° or 6° will he found to 
arise from an admixture of peat is incomprehensible. Tiial peat pos- 
sesses 6uth a aofieniug power is iiertainly a new discovery in cliemical 
science. 

Mr. Rowlaiidson's observation, thai (he " fine stream at Bramshot 
is objeciionahje on account of its being so much used as an irrigant," 
is extraordinary, when made in the fate of the leading principle of the 
proposed soft-water scheme, which establishes that no water ihatl he 
used but that of the springs led away from their sonrces, whether from 
boiling springs or oozing springs, drained on Mr. Elkinglon's plan. I 
think the subject of quality may now be dismissed. 

The question of the quantity of available spring-water r 
to be considered. 

My original gaogings of the separate springs gave an aggregate ■ 
charge per day of 40 million gallons. 

Mr. Rammell's more prolessional examinatifm of the same sour 
wilh a few additional springs, produced 51 million gallons, 

Mr. Rowlandson estimates the whole quantity nf water available in 
the district to be 53,490,000 gallons, of which he slates 11.750,000 
gallons only are apring-waler ; the remainder, 41,640,000 gallons, are 
set down as surface wiishings. 

As no list of springs, with their discharge, is given in the Report, it 
is impossible to compare the separate items producing the three above- 
mentioned results; but Mr. liammell's and Mr. ^wlandson's esti- 
mates are not much at variance. I confess, however, I am at a loss 
to understand by what means the quantity attributed to springs by Mr. 
Rowlandson was separated from that of so-called surface washings; and 
on what principle is founded the assertion, that 4-5ths of the total daily 
discharge of the springs is surface washings. 

Let me ask, thai if the upper outfalls of the springs, rising in the 
vast and deep sands of this district, when gauged after a very dry spring 
and summer, and a droaght of nearlv two months' duration, gave, at 
the lowest estimate, a discharge of 40,000,000 gallons per da)', how 
could any one drop of that quantity be surface washings? At such 
a time, the flow of the brooks was pure spring-water, every gallon of 
which may be led away from its source, in earthenware pipes, uncon- 
taminated by the flow over the surface of summer storms, or periodical 
winter rains. 

It does appear to me, that Mr. Rowlandson, while acknowledging 
tke fact of a daily discharge of upwards of 53,000,000 gallons from the 
endeavoured to throw discredit upon my assertion of the 
'ble quantity of pure spring water, by assuming that it was con- 
tlated tu use the water after it served the purposes of irrigation, 
lie most cursory reading of the nature of the proposal, as published 
in the ' Times ' newspaper, will show how gratuitous is this assump- 
tion ; and I repeat, once more, that both classes of springs, as already 
referred to, may be collected under the conditions proposed, in the 
quantiiy and of the quality originally set forth; the quantity having 
been confirmerl by Mr. Ranimell, and the quality by the medical 
officer of the City of London. 

Londm, April 10, 1851. NJ lumJt.'S.Ktw.*^ 
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Bomb Ri^yAiiKS on Coubinbd Woukb. 
Having conii'Iered the subject of soft water, as the mofct ilesirable fof 
l!ie nietropulis, in its intrinsic econumical valiie mid siipt:rior qu&ljlf 
for health, av compared with hard water ; also the proliable expense of 
its delivery into tlie existing Btreet-maina and diBiribuior; iinparalusj ' 
the task I originally allotted myself might seem lo be concludea. Were 
the efficiency of a acherae of wa'er-supply alone dependent on ite per- ' 
feet executioa — were such a -woxk complete in ita own iaolatioii — I might 
look forward with nothing more than uadirpl anxiety In practiCAl 
success of the must important branch of sanitary rcgeneraiiun for Ihiq 
vast city. But as water-supply cannot be considered, much less exe- 
cuted, without the nicest calculation of the necegsary means for carrying 
away ihe water that has been introduced when it» end ahall have lieen 
accomplished, t trust to be pardoned fur trespassing longer on the 
aitentiitn of (he Genera! Board, while shortly reviewing the circum- 
stances under which water-supply should be combined with its sitter 
work, now in tru^t of the Commission of Sewers, viz., the drainage of 
the metropulia, In the first instance, the principle which should gujde 
not unly the selB<;tion of the instTuraeut whereby these inseparable 
works should be carried out, hut also that which should determine their 
method of execution and their future administration. Secondly, the 
expense at which these elements of health may be afforded, remem- 
biiriog, while framing such estimates on the one hand, the necessity of 
perfection in construction of worlcB, and, on the other, the pecuniary 
iuleresta of the public. 

Jlie Priiwiples involved. 

When a necessity is occasioned — when n waut exists — there is but 
one source of supply — viz., the public marlset; and If (he article of 
demand lie of too great value to be tiiere found, it must he sought from 
the hands of the monopohat, whu, in rijlit of the outlay of invention 
or capital, has obtained protection of the law from compptiliou. That 
such security should he given to science and enterprise, is undoubtedly 
proper ; but certainly it should be continued for no longer time than 
shall have afforded fair interest and remuneration for the expenditure. 

When consumers cannot supply themselves in the marlie^ and refuse 
to submit to the terms of the alternative, they have no remedy but lo 
acquire such monopoly for themselves, or seek the jiroteetiou of the I 
State, 

To become Ihe purchasers will not answer the desired ends, for the 
new proprietary must almost necessaiilj include the seeds of the late 
evils, which cannot fail to exercise the roost deleterious influence to the 
public interest, whether expressed in awarding exorbitant comnen- 
eation to themselves, or in tlie corrupt administration of tite semces. 
Experience haa ever shown that the government of such affuirs by the 
represent Btivea of the different vested interests, Ijas almost invariably 
rcsulied in Ihe most shameful abuse of power and privileire. 

If ihe State be appealed to, protection may be alfurded either in the 
shape of reetrktion imposed, or by Government itself becoming the 
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fountain of suipply. The firtt is but the palliation of an cvi]. The 
latter, under the circumstances of an impossibility of competition, which, 
I believd, alone justifies such a lemedy^isthe last and the only efi^tual 
resource against the oppression of a monopoly. 

Thrt fallacious opinion of the practieabiHty of competition in water- 
supply has been abandoned. No one longer asserts that water can be 
considered in the same ]ight as bread and meat, or the other necessaries 
of Uf6? but were there even many sources of supply available in this 
arlicle, unlimited competition would still be illegal, as an invasion of 
^ rights of public and private order and security. Such wants as 
can be gratified without inconvenience or injury to a neighbour, may 
!>• fegaUy and profitably nought in any favourite market; but the 
oambrous machinery of water^upply and drainage involve, if left to 
iadiyidual wtU, an extent of confusioii as much to be feared as the 
iBeviiabte loss of capital would be deplored. Let any one who has 
witnessed the strife and rivalry of the existing water and gas companies 
only pklure the results, if either sources were more accessible to private 
capriee than at present. 

( i shall then assume that the government of these affairs is a legiti- 
mate fMnetion of the State. On what principle shall the works be exe- 
euted and administered ? Undoubtedly the best is that asserted by the 
General Board of Health, who propose that such works should be 
offered, in gross or detail, to competition by public tender : a principle 
of competition Jbr^ instead of t» the field. This method will assure to 
the ratepayers all the advantages and proteetion of competition, without 
lis drawbaek. Hie bonds and penalties whidi wiH accompany the 
extract will ensure its faithful execution, and form as efficient a check 
to the contractor as the fear of rivalry in ordinary trade. 

Such a good means and principle of government being then open, 
what is the present position of the interests at issue, and what the 
dikCeuHies that are said to be so insuperable to the desired reform? 

The water-supply is in possession of nine companies, whose avarice 
and constant breach of faith with the public have caused the present 
appeal ^ Government for interference, that Parliament shall recajl the 
powers so shamefully abused. 

It is generally uuderstood that a Bill will shortly be brought into the 
Lower House empowering the consolidation of the companies, and 
authorising the execution of the soft-water scheme. Grateful as the 
public will doubtless be for the last boon, I would protest against the 
idea that such ■ a half-measure will find acceptance at their hands. 
Further, no project shoukl be entertained that does not include com- 
bination of water with drain age- works, for, if their respective machinery 
be not carefully proportioned and adapted, the efficiency of the whole 
must inevitably suffer. 

Of what avail will be the Act of Consolidation, if cheap water — the 
right of all, but more especially of the poor — be not added ?— ^cheap 
water, not iu the sense of the present monopolists, but as provided in 
the Public Health Act for provincial towns, at a rate of twopence a 
house per week. An unlimited supply of pure soft water, at something 
very nearly approaching this price, for a period of thirty years, is 
attaiuable ny the inhabitants of Londou, who now pay li^* p^^r week 
per house, which sum, I am prepared to show, W awi\^ iWa, ^^s^.^'t Va 
pay for-^ 
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1. The purchase of the present companiea' plan 
II. The introiluciiun of Hurt water. 
in. The inRtn draiiiaire of tlie metropolis, even ut the apparently 

large e~titnate of the CominiBsion of Sewers. 
IV. The hoiiee drainage, not iiichided in the present estimate of 
the Commiasiou of Sewers. 
What arc the rlithcuUiea oppoaed to the Jesircd reform ? 
Thin question is uiiuolly answered by an aasenton of the jealouBy of 
Grovernmt^nt interference with private enterprize, and of the difficulty 
in determining and providing the amount of compenaation to the 

It has already been seen that water-supply is not a field for com- 
petition. The compensution question ia Htriclly as easy of solution. 
The real viilue of the claim is represented by the market-worth of the 
stock ; niiil looking at it under the moat favourable circumstances, to 
which the companies have no right, the cost of works, de novo, to 
answer the same purpose, it is in vain for them to expect compensation 
for works of riialry, parliamentary expenses, and private litigatiim. 

The proposition of a giant monopoly is monstrous. Surely divided, 
IS less noxious than concentrated evil. It is not ho humiliating to be 
tite victim of nine less powerful, than one giant monopoly. Alihough 
in combination against the public, mutual fear and distrust were eome 
restraiat. 

If any reform is to be attempteil, let the whole case be met. 

Buy up the companies' stock; consolidate the admiuistriition of 
wftler-supply and drainage; put up the works to public tender, giving 
!the preference lo the existing companies under circumstances of equal 
offers ; — and it is yet in the power of this city to have a. copious supply 
«f pure, soft, and cheap water. 

Calculation of i)ie future Rate for Combi7ted Works of Water Supply 
and l/ramoffe, on the existing arrangements. 

Present perpetual wuler-rate, per houae(270,795),perwcek lirf. 

Expense of proposed main drainage, as esiiraaied by the 
Commission of Sewers, at 11 million sterhng, equal to a 
rate for 30 years, of, per house (284,000), per week, 
about ........ \\d. 

Estimated cost of house drainnge, as calculated by the General 
Board, per house, per week .... 2d. 

Total rate for combined works for 30 years, per house, per 
week lOjd. 

Fer|ietual rate ....... ^^d. 

Comparative Estimate. 
Compensation of the companies, calculated at the expense of 

new and effectual works In be 2,01)0,000 sterling, equal 

lo a rale of, per house (280,000), per iveok, nearly 2rf. 
Estimated cost of sod water, j million sterling, equal lo, per 

house (280,000), per week . . . 2j. 3rf. 

E&timated cost of main drainage by Commission of Sewers, 

as before, per house, per week ■ . , \\d. 
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I* Home drainage, aa before, per house, per week . id. 

\ Total rate for combined works, Boft-waier supply, and conipen- 
' Batifin to companies, to be distributed over SO jenra, on 

t 280,000 houses, per house, per week, 5|,Lrf., or 6d. leas 

P ■ by 1 irf. than the perpetual rate of the present companies, 

[ on 271,795 houses, for water alone. 

\ have now given the figures, which are the strongest advocates in 
-I argument. The great fight is about to commence. Not so much 
between the claims of hard or soft water, but a straggle whether the 
unrighteous powers of vested interests shall prevail over and tramplft 
under foot the cause of sanitary reform. Of one thing I am assured, 
that whether it be this Beasiun^ or nest, or five years hence, the victory 
will, under Providence, be to the side of justice. 

VIII. 



The waters derivable from the Farnham and Hindhead district are 
three in number, viz., deep-spring water, shallow land springs and sur- 
face-drainage. Tile ancient precedents of water supply justify me in 
adhering to the plan I have proposed, and in accordance with the 
principle enunciated " the nearer the source, the purer the supply." 

1. To lend away the deep springs only. 

2. To protect the spring heads from surface washing, by the 
methods proposed, should the Board deem them efficient. 

3. To calculate only on the flow of the deep springs fouad to be 
available at the end of past drought and thus to measure the 
capacity of the adjusting reservoir. 

In corroboration of my opinions aa to the probable etTcct of opening 
up the spring heads, I will quote a fact from Colonel Chesney, who 
says, — *' In the province of J'Maluman, in Afl'ghanistan, there is nothing 
worthy of the name of a river, yet abundance of water can he found 
even for irrigation by digging a few feet into the beds of the slreamsj 
which ceaee with the rains," 

However this may be, I do not pmpoge to carry the system so far 
but would rely only upon the least natural flow of the springs at 
the driest season of the year. Such will more than meet the exigen- 
cies of London at the present lime and indeed for many years to come. 

I will now offer a few remarks on the probable sources of the large 
quantities of water found to be available on the Farnham and Hind- 
head gathering grovmds. It will be remembered while deeming it ueees- 
lary to draw attention to the fact that in many intanees the flow of 
the springs much exceeded the rainfall on these drainage areas, I 
i^>ecifully submitted the investigation of the question to the emiuent 
geologists of the day as well worthy of their attention. On mentioning 
the subject to the distinguished president of the Geological Society, I 
was informed by Sir Henry de la Beche, that though unaware of any 
faults in the Bagshot and greensand formations, such might never- 
theless possibly exist and give an undue proportion of water, even 
at the rather considerable height above racttti uia W ■siVv'iv <»« tsi^^"!? 
chieBy take their rise. 
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In addition to the view offered o 
of accounting for the pregeuce of n: 
fall would give, espeuinlly on high elevalior 
or mietB, as noticed by several auihura. 

What ia dew ? and whence derived? I cannot in explanation, do 
better than quote the words of the scientific author of the treatise on 
Meteorology, in Chambers' Educational Couree, where he euya, p. 40. 

" Where moislure ia precipitated at nigbt in the form of wetness and 
drops on the surface of the ground, and on the leaves of plants, it re- 
ceives the name of dew. This precipitation arises when the surface of 
any body is cooled below the dew point temperature. The dew point 
being the lowest point to which the air can be cooled down without 
giving out visible moisture. Thus, if the dew poiut were ot 45°, and 
if by any means ft glass tumbler were cooled down to 40°, it would, 
therefore, have to give out all the vapour it could not hold at that tem- 
perature; but the precipitated surplus in this case would not a[^ar as 
mist in the air, but would adhere to the surface of the glass." 

Having thus clearly seen what is dew, aud whence derived ; it re- 
mains to consider whether the heat of the day does not extract in the 
form of evaporation the quantity of moisture thus deposited during the 
night. This 1 believe to be the case with the local moisture as it were, 
but not with that brought from a distance. 

That the elevated district of the green sand furniotion embracing the 
greater portion of the area from which flow the springs jiroposed to be 
diverted to ihe metropolis, attracts by condensation a great proportion 
of the clouds and vapour, borne thither from the ocean by the prevail- 
ing BQUth- westerly winds, is undoubted. 

We learn from the author of that most interesting and able paper on 
Metropolitan Water Suj^ly, published in the last Quarterly Review, that 
the quantity of water ambient (as aptly espreased by him) in the atmos- 
phere is enormous aud that the sea evaporates ' at the rate of Ifi 
tons per acre per day. 

Let me compare this calculation with un experiment by Dr. HalUy, 
who took a vessel of water imd made it the same degree of sail ness as 
the sea, by means of the hydrometer and having placed a thermometer 
under it, he brought it by means of a pan of coals to the same degree 
of heat with that of the air in the holiest summer. He then placed 
the vessel in one scale and counterpoised it with weight on the other. 
Afler two hours he found that oiie-twelflh of a cubic inch was gone 
off in vapour, from a surface of 10 square inches, Tliis would give an 
evaporation of half a cubic inch from the same surface In a day or 
rather more than five Ions per acre In the same lime. 

Dr. Halley's experiment assigns therefore only one-third of the , 
evaporation given by the author just quoted ; takinir even the smaller 
figure as the truth, what a mass of water is thus held in susjiension 
in the air and possibly may be deposited on ihe earth's surface in 
the form of moisture. 

Next as to the- affinity of different soils for attraction of such 

moisture. Sir Humphry Davy, in his Elements of Agricultural 

Chemistry, says, — " The power of soils to absorb water by cohesive 

sltractioD depends, in great measure, on Ihe state of division of the 

pariMi the more divMed Ihey are the greater \a their absorbent power. 
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The different coiiBlidieiit parts of soils appear likewise to act, even 
, by cohesive attraction, with different degrees of energy. Thus vege- 
table substances seem to be more abaorbenl than animal, animal 
substances more so than compounds of silica and alumina, and the 
latter more absorbent than carbonates of lime and magntsia ; these 
differences however, may possibly depend upon the differences in their 
division, and upon the surface exposed. 

Thus it will be seen, thdt though the grpat division of parts of the 
Bagshot and green sand formations may somewhiil increase the propor- 
tion, yet the formation in itself only ranks in tlie third class, as to 
capacity for attracting moislnre; but though absorbing less from the 
atraosphere, these sands yield a greater proportion of what they do 
assimilate than other soils, for SchQbler has defined by experiment that 
the hygroscopiciiy of elementary soils or (he quantity of water they 
rejain between their particles without allowing it to run off after 
saturation is as follows : — 
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lOD of lolt. 

' Siliceous sand 25 

Gjpsiim 27 

Calcareous sand 2^ 

Poor clay . 40 

Rich clay 50 

Argillaceous earth 60 

Fine clay 70 

Fine calcareous earth .... 63 

Garden earth 89 



Assuming it to be correct that much vapour is altrncled by c 
densation to these elevated diatricts, a large proportion of the moisture 
is evidently available as an additional water source. 

Tiie power of soils to absorb moisture ought to be much greater in 
warm or dry countries, than in cold and moist ones. This statement 
is confirmed by the experience of those who have travelled in the sandy 
deserts of Asia and Africa, and have slept on the ground, they will 
remember bow soon their clothes were saturated with the heavy 
dews. I have some reason, therefore, for slating that a part of the 
unusually large quantity of water shown to be available in this district) 
is verv possibly caused as well by rainfall elsewhere, as by the ci 
densation of mists and vapours. 

The capacity of water to assimilate water to itself is well known, and'1 
dews are thus the probable means by which ponds on high elevalionij'fl 
into which there is no drainage, lelain their level despite the heavy 
demands many of ihem are known to sustain. 

While, in his Natural History of Selhourne, alludes lo this subject, — 
"Tu a thinking mind few phenomena are more strange than the slate 
of little ponds on the summit of chalk hills, many of which are never 
dry )n the most trying droughts of summer. In chalk hills I say, 
because in many rocky and gravelly soils, springs usually break ou' 
pretty high on the sides of elevated grounds and mountains. Now wi 
have many such little round ponda in thisdislrict ;and one in parliculai 
300 feet above my house, which, though never above .T feet deep in thi 
middle and not more than 30 leet in d\anieVei,i),i\4 cQ^v.-w'a™^,'^^^*?^* 
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not more than 300 hogsheads of waler, yet never is 
though it affords driuk for 300 or 400 sheep ant! at least 2U head of large 
cattle. This pond it 19 true is overhung with iwo moderate beechesi 
that doubtless at times afford it much supply; but ihtn we have othera 
so small that without the aid of ireea, and in spite of evaporation from 
sun and wind and peqwtual coiisumplion by cattle, yet constantly, 
maintain a moderale shnre of water without overftowlng in llie wettest 
seasons, as they would do if supplied by springs. By my journal of 
May, 1185, it appears ' tlml the .small and even considerable pools 
are now dried up, while the small ponds on the very tups of the hilla 
are but little affected-' Dr. Hales, in his Vegetable Statistics, adTancn 
from experiment that, " the nigister the earth is the more dew falls upon 
it in ilie night, aqd more than a double quantity of dew falls on & 
Burface of waler than there doea on an equal surface of moist earth." 
Hence we see tliat water by its eoulness is enabled to aasimilateto 
itself a larger quantity of moisture nightly, by condensalinn and evto 
with copious dews can alone advance a considerable and never failing 
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In tiiia manner also are- replenished the almost inexhaustible pools 
called vleys, in the sandy deserts of Africa. During many monllis of 
drought in that country, it is wonderfid tn observe these atiallaw lakes 
sustain the enormous demands made u|ion them by cattle. Without 
such replenishing by the dew tJiey would be dried up in a very short 
time. 

The amounl. of rainfall is taken frnm a refiister kept at the Royal 
Military College, Sandhurst, from the year 1818 to 1846. 

The average fall of the last 1& years, during which lime the register 
appears to have been correctly kept, is 22'64 inches. I consider this 
to be a very low estimate however of the average rainfall over the 
whole district. The fall on the ranges of the Hindheiid must consider- 
ably exceed this amount, for I find in White's " Selbourne," a register 
for ten years at that place; die greatest fall bein^, in 1782, 50*26 
inches, the lowest, in 1188, 22'50 inches, and the average of all 33-58 
inches. The elevation of the Hindhcad is about 800 feet abov« mean 
tide. Let me compare the mean 37-58 inches with the fall on equal 
elevations. On referring lo a statement of rain fall at Glencare in the 
Pentland Hills, 734 feet and at Gilmnurton in the Avoudale Hilla 
600 feet above mean tide, I find the average of the former (as recorded 
by Mr. Beardmore) to he during 15 years from 1831 lo 1846, 41-7 
inches and of the latter, during three years from 1845 to 1847, inclu- 
sive, (o be 66 '3 inches, so that taking the average elevation of the 
springs in the Hindhead above mean tide (o be 550 feel, I consider that 
22 '64 inches is the least quantity likely lo be available over the whole 
district, except indeed in a season of unusual droiight. In such a case, 
the flow of the springs being ten millions at least beyond the present. 
demand, I have every right to suppose that their discharge would not 
he reduced hy more than the excess, viz., one-fifth of the whole. 

With reference to the measurement of rainfall, it is difficult indeed 
to obtain more than a very approximate idea for a given district of not 
very great extent; the method of measurement is so uncertain, as 
liable to be affected by currents of air and e 
known that elevated regions attract by condensatio 



^^V Difficulty of Measurhy the exact Rainfall. 69 

lands, and yet a rain-gauge placed on the ground wiil register a greater 
fall than one placed immediately and even at a small height abore ir, 

U. Ar^o has shown from 12 years' observations at Paris Ihal the 
awcage depth of rain on the terrace of the Observatory wag 1 9 ' 88 inches, 
while 30 yards lower it was 22-21 inches. Dr. Heherden has shown 
the rainfall on the top of Westminster Cathedral during a certain 
period to be only 1 2 ■ 09 inches, and at a lower level on the lop of a 
house in the neighbourhood to be 22-608 inches. This fact has been 
observed all over the world and I can only account far it as partly by 
the greater amount of condensation the nearer tlie earth's surface but 
probably also from currents of air depriving a rain^auge at a high 
elevation of its fair sliiire. Referring to the proportion ibe available 
water bears to its drainage area I find that the discharge of the springs 
amounls to the four-sevenih of the rainfall and Ihia it must he remem- 
bered after a protracted drought. 

The very porous nature of these deep sandy formations must 
certainly give a larger available proportion of the moisture deposited 
(ban more retentive rock; the evaporation being necessarily much 

While this question is being investigated and remembering the 
objection advanced against my opinion offered thereon, it being said 
that the staled purity of the water militates against the probability of 
an increiise from foreign sources, it will be worthy of consideration in 
how far this very purity may or not verify the important principle 
lately discovered by Professor Way, th:it waters containing carbonate 
of lime are purified by their being pasted through clay and loamy 
soils. It is strange indeed that for the first time in the middle of the 
j nineteenth century, science is really applied to the discovery of a means 
' of more effective purification of bad water than the ordinary processes 
I of filtration afford. Too great value cannot be attached to Mr. Way's 
I researches and it is earnestly to he hoped ihey may be successfully 
I completed, as independently of the advantage and economy of soft and 
I ])ure water to manufaciurers, bleachers, dyers, brewers, &c., the 
I importance to health of being enabled to purify large quantiiiee for 
I drinking is inestimable, as on hoard ships and in such places where the 
' local water only is available, as in military posts also but of this I 
I iball treat more largely on another occasion. 

In South Africa I have seen farmers and soldiers obliged to dfink. 
valer that a dog in this country would turn from with disgust. 

The only process of this nature al all applicable to the purposes of 
manufacture is the inventionof Dr. Clark, who softens water containing 
dissolved bicarbonate of lime by adding the quantity of lime neces- 
sary to turn the soluble bj-carbonate into insoluble carbonate of lime, 
which is precipitated. I understand ihai Dr. Clark's latest experi- 
ments show that he can thus reduce the hardness of chalk waters to 4°, 
uid that in the progress of subsidence a large portion of the organic 
•natter goes down, which is very aati.sfactory ; but at the best this is 
more a palliative than cure of a seriouH evil. 
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IX. 

Water Supplv in ancient as comp,* 
whether for the purpose 01 

I shall proceed to extract from some authorities, ancient bdIi 
modern, a few remarks on the Buhjecl of water supply, whether froisfl 
springs, rivers, or hy collection of Biirfuce water in reservoirs, and i^ 
(how what immense value was attached to this subject by them. ' 1 

Referring to Mr. Eiibunke's Hytlrnnlics, we read that 'Molina, in \^ 
" Natural and Civil History of Chili," ohBervea, " That previous to tW' 
invafiioii of the Spaniards, the natives practised artiiicia! irrigation \^'\ 
conveying Vfaier from the high grounds to the fields in canals. TlWi|i 
Peruvians carried this system to a great extent. These people hWtl 
laws for the protecliim of water similar to those of Rome, Greece, aiwj 
Eg'ypt, and nil older nations. Tlie seventh Inca cnnslructed soraaj 
water-worke which in their beneficial efTecIs equalled any simil^tj 
undertakings in any part of the world. He made un aqueduct 12 fedn 
in depih and 120 leagues in length : the source, or head of it aroaisr! 
from certain springs in the top of a high mountain between Parcu and' 
Picuy which were bo plentiful that at the head of the fuuntaius, tliqr \ 
seemed rivers. Tliis current of water had its course through all th^' 
country of the Rutanas and served to water tlie pasturage of thrit, 
lands whicli are 18 leagues in breadth, watering almost ihe wliol^ 
country of Peru. ^' 

"There is another aijueduct much like this which traveracB the. 
whole province of Caiitisngu, running about 150 leagues from south to , 
north. The ancient Peruvians were well acqiiaintfd with the maDage-, 
ment and distribution of water through pipes; and what is singular^ 
both the sources of the water and the direction of the tubes unde^ 
ground were kept a secret, as in Asia." In Spain, reservoirs of r 
water for drir.king and the diversion of slrearns for irrigation — nearl^ 
all works of very old dale — ars common ; and I shall quote the n 
of the author of (he mnat interesritig ' Hiindbook of Spain :'— 

"At Valencia the Moors have bequeathed their hydraulic science, I 
which they exercised a magic control over water, wielding it at t' 
bidding. They could do all hut call down the gentle rains froi 
heaven, that best of all irrigation. The network of artificial canals ij 
admirable. 

" In the Huerla of Valencia, a main trunk artery or principal c 
supplies all the smaller veins of the circulation ; this is managed by % 
reticulated network of ramiiicaliuiis and drains. The Toledan J" 
were first-rute hyilraulisis ; their king Almamum had a lake i 
palace, and in the middle a kiosk, from whence water descended o 
each side, thus enclosing him in the coolest of summer-houses. Toledt 
huilt on a lofty rock, was badly supplied with water, whereupon ll 
Romans stemmed the defile with a gigantic viaduct and aquedue 
which ran from the Puerto de Vevenes, distant seven leagues, " 
remains may be traced near the convents Sania Siste and Santiago, ( 
the Hne is still called El Carnino de Plata— the road of sih ■' 

" At Segovia, the steep-banked rivers below are difficult of access,! 
ana the waters not very wholesome. The pure stream of the RioT(iri«| 
f>as thus been hrought from the Sierra Ymifrva, riUtaut three lesgoea." 
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_ " At Meuda, the mighty pools or reservoirs, ' El Lago de Proser- 
pina,' which lies about one league north, the grand wall which dams 
up ihe water is irigantic. There are towers by which slaiieaseB lead 
down into the huge tanks called 'Los Bocinea.' There in another 
Uomaa reservoir near Truxillauos, Iwo miles distant, called ' Albuera 
de Comalvo ;' it is smaller than the Charca, but equally colossal in slyle 
of execufioii. On the roule from Alieanle to Xativo we have the 
Pantano de Tibi, a magnificent dike which datna up the torrents of the 
mountain gorge. Walk on the top of this vast wall or breakwater, 
which ia 150 feet high and 66 feet thick ; above is the lake-like reservoir, 
below bold masses of rock, with here and there elegant stone pines." 

Granada is a city of fountains. The Darro and Keuil are drawn oflf 
by canals from high up botween the sources, and thus the waters retain 
the original elevation above the town; columns of water are thrown 
up in great body and height. Under the Plaza de loa Algibes, an open 
place, are the cisierna nhieh are filled by Darro. There also exists a 
modern aqueduct built by the Maestre Esquival, under Philip U, 
It conveys water from El Barbiilon, a spring which rises about two 
leagues from Merida, near the village Truscillanoa." 

Now, it is curious to trace the same veneration for water — according 
to the ancients the " origin of all things" — to the faithful followers of 
Mahomed, who lured them by promi«es of " springs of living waters," 
"security in shades," amidst gardens and fountains pouring forth 
plenty ot water. The refractory and unbelieving he threatened with 
" no cessation of the torments of thirst ;" they would be obliged to take 
" copious draughts of lilthy and boiling water." 1 shall give an 
Wtract from that extraordinary book. Sale's Koran. " In Arabia, the 
pnvince of Jaraan was governed by princes of the tribe of Hamgar. 
The first great calamity that befel the irilies settled in Jamau was the 
inundation of Aram, which happened soon afier the time of Alexander 
Ihe Great, and is famous in Arabian hisloiy. No less than eight Iribea 
were forced to abandon their dwellings on this occasion. Abdahem, 
Hiriiamed Siibee, having built the ciiy from him called Jaba, and 
iflerwards Maub, made a vast mound or dam to serve as a basin or 
Kservoir to receive the mater whith came down from the mouniainB, 
not only fur the use of the inhabitants and watering their lands, but 
sIbo to keep the country they had subjected in greater awe, by being 
masters of the water. This building stood like a mountain above their 
dqr, and was by them esteemed so strong that they were in no appre- 
hension of its ever falling. The water rose to the height of almost 20 
fkthoms, and was kept in on every side by a work so solid th:<t many 
of the inhabitants had their houses built upon it. Every family bail a 
(ertain portion of this water distributed by aqueducts. But ot length 
God, being highly displeased ut their great pride and insolence, and 
resolving to humble and disperse them, sent a mighty flood which broke 
down the mound by night while the inhabitants were asleep, and 
cuned away the whole city with the neighbouring towns and people." 

Again, in referring to Colonel Chesney, [ fiud that " In Assyria 
and Mesopotamia, great watercourses intersected Suscana : crossing the 
latter territory from side to side at different places, they furmed as many 
lineB of intercom muni eat ion between the great rivers Tiyis and Eu- 
phrates. By these means supplies of water -Mfexe o\iXa\i\5i& S "' ' 
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every liirectiou, not only for the (owns and irrigation, but tor nayiga-' 
tiun." The diBiant'es which water was thus brought ia woiKJerliil. 

" Tlie canal of Sumoa is cut to a dislani:e ol' fceven stadia undrt 
a mountain 900 feet high in ordtr to supply the city with water. The 
BubteiTHnean aqueduct* or kanata are very HumeroiiB, auch are tho« 
near Shuater. In some instances lateral galleries have been added tu the 
main shaft to open the apriugs indicated by the water travelling inta 
the main channel. These kanats are frequently carried 12 or 15 miles, 
and sometimes much mure. The karaTMiscrai on the march belweeea 
Dagau arid Mushed draws the supply of water from n distance of 
about 20 miles and in the plain of Jultanigul waier is in one instance 
carried 40 miles. At Palmyra, the supply of water was brought by 
aqueduct three miles to the city from the Grotto of Ephea and near 
the sprinj5 is an altar devoted to Jupiter." 

" At Mecua is the well which according to tradition was that 
found by Hagar wbeii Jahmael was ^jerishing from thiral ; this spriag 
is BO abundant that it supplies a large portion of the coniumpiion of th« 

I think I have quoted sufficient to thow that the ancients evineed 
iheir appreciation of the value of pure water, not only by taking it friim 
its source, from ihe apritig-heads btit also by the care which they to4A£ 
to preserve it from the atmoBjihere by leading it to their tilies in pipM 
of earthenware or metal or in aqueducts and yet with all these brig'ht 
examples before ub we have except in the case of the Chadwell spring; 
drawn our supplies from bodies of water which by their size aloue show 
a BCule of impurity. The Chadwell spring even by ihe faulty method 
of cunductii^ in an open canal now d^enei-ated into a dirty ditL-h, for [ 
call that a ditch which has mud at the bottom deep enough to plunge ft. 
stick inio several feet in depth and which receiving much sewage and 
draiDBge, arrives at lis destinBtion fearfully deteriorated as to purity. 

I will now submit a few instances of the methnd of supply Uonri 
springs and of the use of earthenware piies in ancient times by tfatt; 
inhabitants of Mexico, Chili, Peru, Egypt, Arabia, Persia, Turkey, and' 
Italy. Chili, Mexico, and Peru — these countries present at Ihe presetUR 
day many relic* of splendid public worlds which rival in magnitude thon 
of Egypt and India ; remains of aqueducts of great magnilnde, skilM^ 
workmanship and beauiifui simplicity still attest the industry, wealiM 
and science of Ihe inliabilanta of tbeee countries betbre the Spaniw 
invasion. I find Mr. Eubanke, in his description of h>draulic worlw,' 
in ancient Mexico, quotes Herrera's authority that at the time of tW; 
Spanish invasion of these cotintriea iu 1 518 '■ the mhabitanlB of Tin**) 
cala, a populous city, had bowers, baths, and fountains. CorieK wrote tWi 
Charles V. of Spain of the environs of the cily of Cholulo, containing 20,0 
inhiibitania, that almost all the fields were well watered. Herre 
says, " The streets were very regular, and fresh water was brought il 
pipes from the mountains to every house." Corlez menlions t' 
Rilling of Amilco, near Cherul.usco, of which Ihe waters were convey 
lo the city in two large pipes, well moulded and as hard aa atom 
The following exlracla from Colonel Chesney's Expedition lo the £*> 
phrates and Tigris will give some idea of the value assit^ned to wall 
by the Egyptians, Persians, Arabians, Moors, and Turks, aa seen i 
//jtf/>/flns, anf/fcylheenormoui labour ex^uded tnd science applied M 
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enable them to attain their desired purpose: — ** In Persia we know 
that such is the value of water at the present time, that those who 
bring a stream into a place where nooe existed previously have free 
inheritance of the ground for five generations. Neither labour nor ex* 
pcnse was spared to convey water through subterranean channels to 
places where it was wanted. These subterranean water courses have 
been common through Susiana, Persia, and the rest of the land of 
Cuch, from the time of Houshung, to whom the invention is attributed. 
The extreme dryness of the climate, together with the scarcity of 
running water, obliges the people of Persia to turn their anxious 
attention to the discovery of springs ; this being accomplished and a 
promising head of water obtained, the subterranean tunnel is executed." 

Colonel Chesney then describes the formation of the tunnel, about 3^ 
feet in diameter, by sinking shafts to the proper depths and connecting 
these points by galleries. *' These watercourses yielded a considerable 
resource to the Shah, who in many cases received rent amounting to 
20 per cent, for a flowing stream, 15 per cent, for kauats or subterra- 
nean aqueducts, 5 per cent, for wells or reservoirs. The day of bring- 
ing the water to its ultimate destination is made one of rejoicing among 
the peasants, who. having p»tieut]y[awaited the fortunate hour, receive 
the gushing forth of the stream vpith shouts of joy, accompanied by 
songs, music, and loud expressions of the anxious desire that prospe- 
rity may attend it." 

*'The aqueducts just described being only adapted for ground that 
is tolerably even, the Eastern people have overcome the difficulties of a 
hilly and irregular surface by means of. another description of canal, 
met with in Barbary and Turkey, a system of earthenware pipes, called 
souterari. Water is conducted in this manner from the well known 
reservoir near Belgrade, to Constantinople (between five and six miles), 
by such pipes, 4i inches in diameter, having a number of inverted 
syphons connected together and opening at the superior parts into 
small cisterns, placed at the top of towers of a particular description, 
whence the water was distributed." 

Near Jerusalem, Kalatelbruah has within it a pool which possibly 
may be the sealed fountain (Canticles, iv. 12), and is apparently 
the principal feeder of the three adjoining reservoirs. Being on the 
slope of the hill, they descend in succession, the bottom of the first 
being on the same level as the surface of the second, which carries the 
water into the third and lowermost. An aqueduct carries a supply of 
water along the side of the hills to Bethlehem, and Jerusalem is, to 
this day, supplied by a ten-inch earthenware pipe. 

That the Romans used earthenware pipes for street and home dis- 
tribution is well known. Frontinus, who had the direction of the 
aqueducts under the Emperor Nerva, mentions that Rome was supplied 
from nine, that emptiea themselves through 13,594 pipes of earthen- 
ware, of one inch in diameter ; and Veginus has observed, that they 
discharged 500,000 hogsheads of water (equal to 26,000,000 gallons) 
in the day. 

The palace erected by the Emperor Trajan, in the middle of the lake 
of Nemi, was supplied by means of earthenware pipes with an abund- 
ance of pure water from the fountain of Egeria, not only sufficient for 
drinking purposes, but as an ornament through the courts and apart- 



w 



74 Ancient use of Earthenware Pipes for Water- Supply. 

menta. Several of the smaller pipei, 16 inches long and 4 inclieB in 
diameter at the upper end, 3j at tbe lower, still remain in the walla of 
the fountain of Egeria, and elsewhere. Thu., lih. xxsi., obgerveB, that 
the best method of conducting water from a spring is to use earthen- 
ware pipes 2 fingers thick, one jointed within the other, and the joint 
made secure with quick-lime and oil. Water was conducted to a height 
of 100 feet by this means. — {Extract.) 

Earthenware pipes have come into extensiTC use of late jears in 
France and Switzerland, for p;a8 and water supply. For Ihia latter 
purpoiie, the manufacturers, Messrs. Reichnet^her, alone, have since 
1S40 supplied towns in the departmenis of Hniit-Rhin, Bae-KIiin, 
Moselle, cote d'Or, Haute Seine, &c., and lome places in Switzerland, 
with no less than 374 millions yards of these pipes; moreover, Messrs. 
Keichnecher announce a daily increasing demand, and yet we in Eng- 
land have utterly repudiated the use of the earthenware pipe, ibe very 
name of which in connection with water is refreshing. 

From the evidence thus given, I conceive I am juBti5ed in assuming 
that skill and perseverance will overcome the difficulties at present 
existing ; at all events experience justifies a fair trial : and should ifae 
hydraulic shock prove insuperable, which I cannot conceive, ve can 
but fall back on the iron pipes coated with one of the numerous pre- 
parations of the day, of which that in use at Manchester, the invention 
of Dr. Angus Smith, seems to hear away the palm. The iron pipes, 
when healed to 300 degreea, are dipped into a pan of gas pitch and 
kept there for a short time. When taken out Ihey are found to be 
covered with a fine block varnish, said bf the patentee to be very 
durable. There is another experiment in progress, and winch I under- 
stand promises well, to give inni pipes an internal coating of porcelain. 
If this can be economically effected, it will be the best material lo use 
after earthenware. 
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